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PREFACE 
The 1979 Biennial Report of the 
California Energy Commission states 
that the development of preferred 
energy alternatives, including small 
hydroelectric, is a Commission prior-
ity. That report also states, "The 
Commission will continue to provide 
technical assistance for cogeneration 
and development of small hydroelec-
tric energy." This manual was pre-
pared by the staff of the Commission 
as part of the Development Divi-
sion's program to provide this assist-
ance. 

Chapter I PROJECT EVALUATION 
As soon as a potential site has been 
identified, a developer will want to 
make a preliminary evaluation of the 
site's power values. The preliminary 
estimate will allow for a decision 
whether or not to pursue any of the 
other questions, including questions 
of water rights. This chapter will deal 
with the stages of the evaluation 
process and suggest certain tech-
niques that will help the would-be 
developer decide if the project is 
worth pursuing. 
Estimating Power Values 
-Flow 
In the preliminary study, one of the 
first tasks is to estimate the potential 
energy of the water at the site. The 
energy depends upon two essential 
factors: the water flow and the water 
pressure or velocity. In this section 
we will discuss methods of estimating 
flow and the relation of flow to plant 
size. 
Data on flows for a great many 
streams and rivers in California al-
ready exist and are readily available. 
A number of agencies measure sur-
face water flows in California, and 
can provide the required informa-
tion. The primary reference is a docu-
ment published by the California 
Department of Water Resources, the 
Index to Sources of Hydrologic Da-
ta.1 This document is available in 
public libraries statewide and 
through the four regional offices of 
the Department of Water Resources 
(see Figure 1 ) . This index contains a 
wealth of information on sources of 
flow data. It lists all surface water 
measurement stations by name and 
number, indicates which agency op-
erates the station, the corresponding 
USGS and DWR station numbers, the 
size of the drainage area covered by 
the station, the exact latitude and 
longitude of the station, the county of 
location, the years during which 
records have been kept, and the De-
OFFICE: 
3374 EAST SHIELDS AVE. 
FRESNO, CA 93755 
P.O. BOX 5710 
PHONE (209) 488-5443 
OFFICE: 
849 SOUTH BROADWAY 
LOS ANGELES, CA 90055 
P.O. BOX 6598 
PHONE (213) 620-4107 
partment of Water Resources' 
evaluation of the accuracy of the 
daily flow records. We strongly rec-
ommend that this document be con-
sulted by anyone interested in 
developing a hydro facility. 
If the data are already available, 
the developer will want to determine 
the mean annual flow past the site of 
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FIGURE 1 Districts of the California Department of Water Resources 
the project. This information is cru-
cial to determining the power values 
of the site and for sizing the power 
equipment. The maximum power 
plant flow can be estimated roughly 
by multiplying the mean annual flow 
by 1.2. 
If the flow data are not available 
from records, the developer will 
have to measure the flows. There are 
three methods suggested by the fed-
eral Department of En-ergy in its pam-
phlet Micro-Hydro Power, 2 which 
are suitable for varying size streams. 
With a small stream or spring it is 
possible to temporarily dam up the 
water and divert the entire flow into 
a container of known volume. The 
flow rate is found by dividing the vol-
ume by the number of seconds it 
takes to fill the container. For exam-
ple, if it takes 40 seconds to fill a 55 
gallon barrel, the flow rate is 1.375 
gallons per second, or 82.5 gallons 
per minute, or 11 cubic feet per 
minute (divide 82.5 by 7.48). 
Another approach uses the float 
method, which if repeated several 
times can give results accurate 
enough for most calculations at the 
reconnaissance level. The procedure 
involves taking at least 10 measure-
ments of the depth of the river bed 
straight across the stream to get an 
average depth. The average depth is 
then multiplied by the width of the 
stream at that point, which gives the 
cross-sectional area of the stream in 
square feet. A float is then placed in 
the stream upstream of the cross sec-
tion, and the time, in seconds, is 
measured that it takes the float to 
travel a chosen distance. This meas-
urement should be repeated often 
enough for its accuracy to be as-
sured. The distance traveled by the 
float, divided by the time, is the ve-
locity of the water, in feet per sec-
ond. This velocity measurement de-
scribes surface water movement, and 
does not take into account variations 
in velocity along the side of the 
stream and below the surface. A cor-
rection factor should be used to ar-
rive at the average velocity for all 
water in the stream. The correction 
factor wilL vary from 0.6 for a rocky 
stream to 0.85 for a stream with a 
very smooth bed and sides. The cor-
rected velocity multiplied by the 
cross-sectional area of the stream 
yields the estimated flow of the 
stream in cubic feet per second ( ft/ 
sec) X (ft2 ) = ft3 /sec. The float 
method is illustrated in Figure 2. 
For example, if the cross section of 
a rocky hill stream has an average 
depth of 1.2 feet, and the width of the 
stream along the cross section is 8 
feet, the cross-sectional area is equal 
to 8 multiplied by 1.2 or 9.6 square 
feet. If the measured float velocity is 
2 feet per second, multiply 2 times 
the correction factor of 0.6 to obtain 
the corrected velocity of 1 .2 feet per 
second (for a rocky hill stream) (2 
feet per second times 0.60 = 1.2 feet 
per second), or 72 feet per minute. 
Then multiply the cross-sectional 
area (9.6 square feet) by the correct-
ed velocity ( 72 feet per minute) to 
obtain a stream flow of 691 cubic 
feet/minute. In the example, if only 
60 percent of the flow is available for 
use by the power plant, 415 cfm (.6 
times 691 ) should be used in subse-
quent power calculations. Four hun-
dred and fifteen cfm translates into 
6. 9 cubic feet per second ( cfs) . 
A third method for determining 
stream flow is called the weir 
method This involves the construc-
tion of a temporary dam structure 
called a weir across the stream per-
pendicular to flow, with a rectangular 
notch or spillway in the structure. A 
stake is driven into the stream bed 
upstream of the weir, until a preset 
mark on the stake is precisely even 
with the bottom of the notch. With 
the assistance of a weir table, the cu-
bic feet per minute of flow over the 
weir notch, per inch of width of the 
notch can then be determined (see 
Figure 2). A weir table translates 
inches of water above the level of the 
weir notch, measured upstream of 
the weir, into cubic feet per minute. 
Accuracy depends upon the weir be-
ing water tight on the sides and bot-
tom. 
Water Pressure or "Head" 
Water pressure is usually meas-
ured in terms of the vertical distance 
water falls, or "head," expressed 
simply as feet of drop. Another com-
mon measure of water pressure is 
"pounds per square inch," or "psi." 
One pound per square inch translates 
FIGURE 2 Flow Measurement Illustrations 
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into approximately 2.31 feet of head. 
A preliminary estimate of head can 
be determined based on on topo-
graphical maps, although this tech-
nique will yield only approximate 
results. An approximation is also pos-
sible using an altimeter. However, for 
more precise measurement, a sur-
veyor can be hired to find the vertical 
distance between the likely water 
source or proposed intake location 
and the proposed power plant site. 
Additionally, there are "do-it-your-
self" methods using a yardstick, a 
carpenter's level, and a stand on 
which to place the level. By measur-
ing small increments of drop down a 
slope and adding them up, the total 
drop can be measured. 
Net Head-Pipeline 
Losses and Impacts on 
Project 
The estimates of head described 
above refer to gross or total head. 
They do not take into account the 
horizontal distance traversed by the 
water or the effects of conveying it 
over any dic;! .. nce. The energy of fall-
ing water is reduced by the friction 
which results from putting the water 
through a pipe to convey it to the 
power plant. This loss of energy is 
usually described in terms of a "loss 
of head." The head of the water at 
the point where it enters the power 
plant is the gross head minus the 
head losses, and is called the "net 
head." 
Friction loss and the resulting de-
crease in head depend on a number 
of interrelated factors. In general, the 
friction loss in feet of head varies 
with the square of the velocity of the 
water. The velocity of the water, in 
turn, is determined by the cross-sec-
tional area of the pipe and the num-
ber of cubic feet per second of water 
in the flow. Thus, a given flow put 
through a small pipe will have a 
much higher velocity than if put 
through a larger pipe, and the head 
losses will be correspondingly higher 
in the small pipe. 
Friction losses also depend on the 
type of material used in the pipe, 
since every material has a different 
"friction factor." These friction fac-
tors have been determined experi-
mentally for each product, and 
pipeline performance information is 
available from the manufacturers or 
from pipeline merchants. The infor-
mation is usually displayed in a table 
which shows losses in feet of head 
per unit length of pipe for varying 
flow rates, plotted against the various 
pipeline diameters. A sample table is 
included to demonstrate typical or-
ders of magnitude. The information 
in the table gives the performance 
characteristics of the steel pipe of 
one West Coast manufacturer, a steel 
pipe with a coal tar enamel internal 
and external coating. The table 
shows selected head losses, and 
represents only a limited portion of 
the product available. 
Table 1 
Friction Loss Table for Steel Pipe* 
(head loss in feet per 1 ,000 feet of pipe) 
Flow 
Flow Cu. Ft. 
GPM per Sec. 4' 6' 8' 10' 12' 16' 20' 24' 30' 
100 .223 6.54 .!102 .227 .0755 
300 .668 50.30 6.97 1.73 .584 .238 .0597 
500 1.114 129.6 17.94 4.54 1.49 .608 .152 .0514 
1.000 2.228 466.6 64.!10 15.96 5.37 2.26 .549 .164 .0745 .0251 
2.000 4.456 234.2 57.71 19.44 7.99 2.02 .662 .271 .0927 
3.000 6.684 122.6 41 .17 16.95 4.18 1.40 .594 .196 
4.000 8.912 70.20 28.85 7.10 2.41 .989 .334 
5.000 11.14 106.1 43.65 10.75 3.64 1.50 .503 
10.000 22.28 157.6 38.84 13.09 5.38 1.82 
20.000 44.56 140.17 47.29 19.44 6.56 
50.000 111 .40 106.1 35.81 
• Courtesy of Northwest Pipe & Casing Company, Clackamas, Oregon. 
The configuration of a pipeline also 
will have a significant effect on head 
losses. Bends in the pipeline increase 
friction and head losses, as will any 
fittings or valves. These losses are 
usually calculated in terms of the 
equivalent losses which would result 
from additional pipeline length. For 
example, a 90 degree elbow in a 
pipeline increases losses equal to 
those that would result if the pipeline 
were longer by 30 times the pipeline 
diameter. 
The selection of the proper pipe-
line and the optimal pipeline configu-
ration are crucial for the success of a 
project. The net head which can be 
delivered to the power plant will de-
termine the proper type and size of 
turbine and, therefore, the energy 
production of the project. By using a 
larger diameter pipeline, head losses 
can be reduced, and the power val-
ues of the project will be increased. 
But pipeline costs and pipeline instal-
lation are often major components in 
the costs of a project, and these costs 
rise rapidly with larger pipes. The 
cost of the pipeline itself rises geo-
metrically with the diameter of the 
pipe, and the installation costs for 
larger pipes can rise even more rap-
idly. For these reasons, it is important 
to balance the advantages of larger 
pipe against the costs to arrive at an 
optimal size for the project. More-
over, what appears to be an excellent 
project may prove uneconomical be-
cause the proper balance cannot be 
achieved. For these reasons, the final 
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calculation of net head, together with 
the selection of pipeline and the de-
sign configuration of the project as a 
whole, requires the services of a 
trained professional. A developer can 
use the information available from 
pipeline manufacturers in order to ar-
rive at a preliminary estimate of net 
head, but he should be aware of the 
factors that will make this calculation 
more complex than it appears at first 
sight. 
Theoretical Calculation of 
Power--Relation of Flow 
and Head to Power 
The basic formula for determining 
the energy which is theoretically 
present in the falling water is: 
P=Qhe 
11.8 
Where P is in kilowatts of capa-
city, 
Q is flow in cubic feet per second, 
h is net head in feet, and 
e is the efficiency factor. 
The efficiency factor will account 
for losses due to the operation of the 
turbine, the generators, and ancillary 
equipment. These losses combined 
typically run between 10 and 20 per-
cent, depending on the equipment 
and circumstances; therefore, the 
"e" factor should be between 80 and 
90 percent. The efficiency of the 
equipment can be found by consult-
ing the equipment manufacturer or 
merchant. 
The calculation of power for tur-
bines will usually be given in horse-
power. To convert from kilowatts to 
horsepower, 1 horsepower equals 
.746 kilowatts; thus, a turbine rated at 
2,000 horsepower will convert to 
1,500 kilowatts. 
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Example: 
If the flow "Q" is 200 cfs, 
the net head "h" is 50 feet, and 
the efficiency "e" is 85% 
the power P = 
200 X 50 
X .85 = 720 kW. 
11.8 
To calculate horsepower, divide 
720 by .746 
720 kW = 965 hp. 
.746 
A graphic representation of the re-
lation of flow and head to generating 
capacity is sometimes used. This vis-
ual guide is called a nomograph. A 
nomograph is included for illustrative 
purposes (see Figure 3). To use the 
nomograph, a line is drawn from the 
average flow "Q" to a point on the 
line indicating effective (or not) 
head. The potential capacity corre-
sponding to these two factors is 
20,000 
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500 
marked where this straight line 
crosses the potential capacity line in 
the middle. The sample nomograph 
shows capacities calculated for an ef-
ficiency of 85 percent. 
Sizing a Power Plant 
In evaluating a project, the opti-
mum size of a power plant for the site 
must be estimated. The plant size will 
depend on conditions of flow and 
head over the course of the entire 
year. These conditions may vary 
considerably according to season, 
and even from year to year; there-
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FIGURE 3 Nomograph for Potential Capacity 
fore, regular measurement of condi-
tions over as long a time period as 
possible is important. 
Flow patterns over time can be 
usefully displayed in a "flow duration 
curve," which charts levels of flow 
against the percentage of time they 
occur or are exceeded. To develop a 
flow duration curve, it is best to have 
at least 100 flow readings, as evenly 
spaced over time as possible. Once 
the entire range of flows has been 
determined, the data point readings 
should be grouped into at least 20 
equal ranges. A large number of 
ranges will allow for a smooth curve, 
such as the fictitious flow duration 
curve in Figure 4. Once the readings 
have been grouped, points are plot-
ted on the graph by starting with the 
highest range. In the sample curve, 
data points of 600 cubic feet per sec-
ond or more represent 1 0 percent of 
all readings. The chart also shows the 
group of readings between 500 and 
FLOW (cfsl 
600 ds are approximately 9 percent 
of all readings. When added to the 
higher group, this means that 19 per-
cent of the time flows are 500 ds or 
higher. This process of plotting points 
is continued until 100 percent of the 
readings are accounted for. 
Power plant capacity can be sized 
to conform to the information in a 
flow duration curve. Typically the 
maximum operating capacity of a 
plant is chosen to correspond to en-
ergy levels represented by flows at 
between 20 and 25 percent excee-
dance. In addition, turbines will not 
operate efficiently at below 30 per-
cent of their rated capacities. In order 
to determine this lower level, we take 
30 percent of the flow level indicated 
by the upper exceedance point. 
In the sample curve (Figure 4) the 
upper exceedance point is at 25 per-
cent. This corresponds to 380 cubic 
feet per second. Thirty percent of this 
level gives a flow of 114 cubic feet 
800r---.---.---r~-,---.---.---.---.---.---, 
Joof/A/7f':A'":Px I I I I I I I 
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FIGURE 4 Flow Duration Curve 
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per second. The operating range of 
the turbine will be between these two 
flow levels. The actual energy capac-
ities can then be calculated by enter-
ing these flow figures into the formula 
for calculating power. The flow dura-
tion curve represented was devel-
oped by the firm of Sverdrup and 
Parcel and Associates, Inc. of San 
Francisco. 
Annual Energy Production 
Calculation of the potential energy 
production of a project depends on 
accurate knowledge of the flow pat-
terns at a site. This data is sometimes 
displayed in a table showing monthly 
flow, effective head, and corre-
sponding generation calculated for 
each month. Table 2 shows such a 
table for a fictional project for the 
year 1975. A number of such tables, 
one for each previous year in which 
the data exist, can be generated. Af-
ter the data for each previous year 
have been obtained, a composite ta-
ble can be constructed showing the 
average data for each month over the 
entire historical record. At the recon-
naissance level, the developer may 
not have access to all the data neces-
sary for accurate prediction of the 
energy production potential of a 
project. But he should be aware of 
the variation which may occur in the 
course of the yearly operation of the 
power plant and estimate production 
with these factors in mind. 
Table 2 uses precise figures for ef-
fective head and for water flows 
which can be put through the turbine 
for energy generation. As noted 
above in the section on "net head," 
variation in head will usually occur in 
conjunction with flow variations in 
pipelines or penstocks. Head varia-
tion also occurs with changing levels 
of reservoir at a dam site project. 
Records have been kept at many 
dams showing variation in reservoir 
levels, and these data can be used in 
compiling annual generation tables. 
The calculation of energy produc-
tion shown in Table 2 includes calcu-
5 
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Downstream view of Hickman Powerhouse after construction.* 
HICKMAN POWERHOUSE FACTS 
TURLOCK IRRIGATION DISTRICT 
Dedicated ...................................... October 6, 1979 
Head.............................................. 19 feet 
Capacity ............. ....... .. .......... ........ 11 00 KW 
Energy ............................................ 5 million KWH 
Annual Oil Savings 
Equivalent........ .......................... 8,000 barrels 
*Courtesy of Turlock Irrigation District 
Table 2 
Project Flow and Energy Characteristics 
1975 
Total Turbine Bypass Effective Power Energy 
Month cfs cfs cfs head Efficiency (kW) (UXXJ KWh) 
Jan. 38 0 38 78.2 0.0 0 0 
Feb. 35 0 35 77.1 0.0 0 0 
March 48 0 48 79.0 0.0 0 0 
April 106 106 0 74.8 80.2 538 388 
May 362 146 216 73.8 82.8 756 563 
June 144 144 0 98.2 85.4 1.023 737 
July 131 131 0 108.9 86.7 1.048 780 
Aug. 65 65 0 104.5 67.5 388 289 
Sept. 152 152 0 93.1 83.7 1,003 723 
Oct. 103 103 0 87.2 80.8 614 458 
Nov. 31 0 31 78.5 0.0 0 0 
Dec. 19 0 19 78.8 0.0 0 0 
Total Energy Production for the year 3,938 
lation of efficiency. Efficiency is a 
measure of the ability of the equip-
ment, primarily the turbine, to utilize 
the energy present in the water. Tur-
bines are designed to operate under 
specific conditions of head and flow, 
and it is in relation to these condi-
tions that the turbine and generator 
will be rated. As head and flow con-
ditions diverge from those for which 
the equipment was designed, the effi-
ciency of operation will vary. At 
times flow may be so low as to be 
below the threshold of the turbine's 
ability to operate. Then the water is 
channeled through the bypass, and 
the efficiency is shown as zero. 
Energy production is sometimes 
described in terms of the "capacity 
8 
factor" in the operation of the plant. 
The capacity factor represents the to-
tal energy proquction as a percent-
age of the total energy produced if 
the plant ran at its rated installed 
capacity, 24 hours a day, for the en-
tire year. There are 8,760 hours in a 
year. If the rated capacity of the plant 
in Table 2 were 1,000 kW, then 
theoretically the full year production 
would be 8,760,000 kWh. Actual pro-
duction as compared to this theoreti-
cal level is 3,938,000 kWh. Therefore, 
the plant capacity factor is 45 per-
cent, a very common figure for hy-
droelectric plants. Many hydro plants 
run at capacity factors as low as 30 
percent. 
Summary 
1. A developer must estimate flow 
at a site. First approximations 
can be made using: (a) the 
timed container filling method; 
(b) the float method; or (c) the 
weir method. The developer 
must then determine what por-
tion of the stream flow is actual-
ly usable. 
2. Determine the total or gross 
head with surveyor's equip-
ment, an altimeter, or a carpen-
ter's level and stand. 
3. Determine net head by sub-
tracting for friction losses in 
pipelines or penstocks. 
4. Calculate the potential power 
( P) at the site using the formula 
P = Ohe/11.8 where "P" is the 
power potential in kilowatts of 
capacity, "Q" is the estimated 
flow in cfs, "h" is the net head, 
and "e" is the equipment effi-
ciency factor ( .85 can be 
used). 
5. Estimate the size of turbine and 
generator needed by taking 
maximum power to be gener-
ated at the 20 to 25 percent ex-
ceedance level in a flow 
duration curve. 
6. Estimate annual energy produc-
tion based on the total of 
monthly flow and head data 
and resultant monthly energy 
production, if such data are 
available. 
CHAPTER II 
A prospective developer of a small 
hydroelectric project should be fa-
miliar with the concepts and terms of 
economic analysis in order to evalu-
ate the project and make a rational 
economic decision concerning de-
velopment. One approach which will 
provide basic economic information 
about a project and determine its via-
bility is the benefit/cost analysis. This 
analysis presents a breakdown of the 
probable costs annualized over the 
economic life of the project. The 
probable benefits are similarly annu-
alized for the same time period. 
Benefits and costs are then expressed 
in constant dollars, discounting the 
effects of inflation, and the sum of the 
benefits and costs are compared. A 
table constructed to show year-by-
year costs and benefits can also be 
used to demonstrate such important 
information as the cash flow charac-
teristics of the project, and the pay-
back period. The following discus-
sion will present the basic concepts 
and factors used in a first approxima-
tion of the ratio of benefits and costs. 
However, for a project involving sig-
nificant outlays, professional analysis 
and guidance is recommended 
before deciding if a project is viable. 
Project Costs 
The costs described in this section 
are all presumed to be applicable to 
power production. For single pur-
pose projects, this accounting system 
is straightforward. When power is 
one function in a multipurpose 
ECONOMIC EVALUATION 
OF A PROJECT 
project, the dam, reservoir, and poss-· 
ibly the waterways may be jointly 
used for power and other purposes, 
and the cost assignable to power is 
determined by means of a cost allo-
cation. 
The costs of a project will depend 
largely on the particular characteris-
tics of the site, the desired or optimal 
uses for the energy generated, the lo-
cation of the project in relation to the 
point of use, or to the nearest electric 
transmission lines. The design of a 
project will depend upon the devel-
oper's uses for the energy and the 
financial resources available, as well 
as the theoretical energy available at 
the ·site. For example, if energy is to 
be used independently-that is, it 
will not enter into the electrical grid 
-certain costs associated with per-
mit approval may be avoided. 
Project development costs are usu-
ally divided into capital costs and an-
nual costs. 
Capital Costs 
Capital costs typically consist of 
the project construction costs and 
the costs of interest on funds used 
during construction. Interest during 
construction will depend on the 
length of time needed to complete 
the project. Project construction 
costs can be allocated using the Fed-
eral Energy Regulatory Commission's 
(FERC) accounting system as a mod-
el. This accounting system is not 
mandatory for projects exempt from 
FERC licensing, but is a useful way of 
representing the elements of a 
project. The example given below in 
Table 3 uses cost estimates drawn 
from a recent small hydroelectric 
project in California that will produce 
300 kilowatts of power and will be 
constructed at an existing dam site. 
Because costs vary depending on the 
nature of the project, these figures 
are not presented as a guide to the 
costs of any other specific project. 
Note that indirect construction costs 
are approximately 20 percent of the 
total direct construction and contin-
gency costs and normally include the 
following items: feasibility study, li-
cense and permit applications, pre-
liminary design, final design, 
construction management, and ad-
ministration. Note also that normally, 
the smaller the project, the higher en-
gineering costs are as a percentage of 
the total project. 
In this sample project, the total 
capital cost is approximately $2,000 
per kilowatt of installed capacity. For 
larger projects, costs per kilowatt 
may be significantly lower. 
Transmission and 
Connecting Costs and 
Other Considerations 
If the power produced is to be fed 
into a utility grid, the developer 
should first determine if it is techni-
cally feasible to connect the project 
with the grid. Transmission lines and 
connecting equipment must be sized 
to the capacity of the power plant; 
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Table 3 
Project Construction Costs 
FERC 
Account I Item No. 
330 Land & Land Rights 
300kW 
Project 
331 Structures & Improvements 
N/A 
$38.000 
12.000 
208.000 
130.000 
30.000 
84.000 
332 Reservoirs. Dams & Waterways 
333 Turbines & Generators 
334 Accessory Electrical Equipment 
335 Miscellaneous Power Plant Equipment 
Contingencies 
Subtotal $502.000 
Indirect Construction Costs-Engineer-
ing and Construction Management 
and other Costs 100.000 
602.000 Total Construction Costs 
Total Capital Costs= Total Construction Costs + Interest During Construction. 
normally a 12 kV line is the minimum 
required to avoid unacceptable line 
losses for power from a small project. 
However, even if the power output 
of a project is large enough to use a 
12 kV line, other restrictions limit the 
distances power can be transmitted 
from small plants. The United States 
Army Corps of Engineers suggests 
that it is not feasible to transfer 500 
kW more than 5 miles because of ex-
cessive line loss of power. 3 
If a grid connection is technically 
feasible, the developer must also esti-
mate the costs of interconnecting 
equipment and constructing a trans-
mission line between the project and 
the nearest utility line. These costs 
vary with the type of terrain and the 
equipment required. They may be so 
significant that they may seriously af-
fect the viability of a project. A recent 
estimate for a project in California's 
Central Valley shows transmission 
line costs at $16,000 a mile. • These 
were minimum costs for the simplest 
situation; roads already existed, right-
of-way costs were negligible, and a 
12 kV transmission line was strung on 
wooden poles over cleared, stable, 
level ground. The United States Army 
Corps of Engineers Manual 5 esti-
mates costs for transmission line 
projects at between $30,000 and 
10 
$50,000 a mile, including road con-
struction. Areas with difficult access 
or unfavorable foundations for trans-
mission supports (for example, with 
mountainous, wooded, or marshy 
terrain) may incur costs as much as 
50 percent higher. It is important to 
note that a transmission line project, 
even under one mile in length, will 
probably incur a minimum cost of 
$30,000. 
Actual construction and manage-
ment of transmission lines and inter-
connections may be performed by 
the utility, depending on the agree-
ments worked out. These costs will 
then be charged against the project 
development and must be calculated 
in the overall project costs, within the 
benefit/cost analysis we are present-
ing. Other issues related to system 
interconnection with the utilities will 
be discussed in the section on inter-
connections in Chapter VI. 
Annual Costs 
Annual costs consist primarily of 
debt service on borrowed capital, 
operation, maintenance, replace-
ment of equipment (OM &R), and in-
surance. Operation and maintenance 
of small hydro projects is a minimal 
expense under most circumstances. 
Replacement of equipment can be 
somewhat more significant. Most of 
the equipment in a project will have 
a useful life greater than the period of 
the long-term debt under which a 
project is financed. Generators and 
turbines, for example, can be expect-
ed to operate 50 years or more. Some 
accessory mechanical and electrical 
equipment will have useful lives of 
less than the financing period, and it 
may be desirable to figure in the an-
nual costs of a contingency fund for 
interim replacements. The California 
Department of Water Resources sug-
gests an allowance of 0.3 percent per 
year of the total cost of the mechani-
cal and electrical equipment for a 
sinking fund to cover such replace-
ments.• 
In many cases, annual costs in-
clude insurance for major equipment 
to protect the developer. Estimates 
for premiums on policies covering 
such equipment are currently run-
ning about 8.5 percent of the insured 
value annually, with a 25 percent de-
ductible provision. The developer 
will want to investigate the need for 
insurance and the terms under which 
it is available. 
The largest component of annual 
costs is the repayment and servicing 
of debt. The debt service will depend 
upon the financing arrangements 
which the developer is using. These 
arrangements will depend in turn 
upon many factors, including the 
type of project; whether the devel-
oper is a public agency or a private 
entrepreneur; and even to some ex-
tent, upon the location of the project. 
The options available will be dis-
cussed at length in Chapter IV. For 
purposes of this section, we point out 
that debt service normally involves a 
fixed annual payment, which is cal-
• A sinking fund is a fund to which a regu-
lar annual contribution is made in order 
to assure that after a specified number 
of years a sum is available for a desig-
nated purpose. For example, if a fund 
yields a 10 percent return, it will be 
necessary to schedule an annual contri-
bution to the fund of $0.017 for every 
dollar which will be available at the end 
of a 20-year maturity. 
culated so that it inCludes the time 
value of money over the financing 
period. Such debt payment can be 
compared to paying off the mortgage 
on a home where the interest on the 
borrowed sum is combined with pay-
ment on principal, and a repayment 
schedule is calculated to produce a 
uniform, set amount due every 
month. For example, if the capital 
costs of a small hydroelectric project 
are $1,000,000 borrowed at 10 per-
cent interest for 30 years , a uniform 
annual debt service of $106,080 will 
be required. 
While the debt service on capital 
borrowed will be fixed, the other 
components of annual costs, insur-
ance, operation, maintenance, and 
Table 4 
Stream of Project Costs 
Debt 
Year Service OM&R Total 
1 106.080 25.000 131.080 
2 106.080 27.320 133.400 
3 106.080 29.970 136.050 
4 106.080 32.820 138.900 
5 106.080 35.670 141.750 
6 106.080 38.670 144.750 
7 106.080 41.880 147.960 
8 106.080 45.200 151.280 
9 106.080 48.580 154.660 
10 106.080 52.000 158.080 
11 106.080 55.470 161.550 
12 106.080 59.190 165.270 
13 106.080 63.150 169.230 
14 106.080 67.380 173.460 
15 106.080 71.900 177.980 
16 106.080 76.640 182.720 
17 106.080 81.700 187.780 
18 106.080 87.090 193.170 
19 106.080 92.840 198.920 
20 106.080 98.960 205.040 
21 106.080 104.900 210.980 
22 106.080 111.200 217.280 
23 106.080 117.870 223.950 
24 106.080 124.940 231.020 
25 106.080 132.430 238.510 
26 106.080 140.380 246.460 
27 106.080 148.800 254.880 
28 106.080 157.730 263.810 
29 106.080 167.200 273.280 
30 106.080 177.230 283.310 
replacement must all be calculated to 
escalate over time to reflect inflation. 
This escalation factor must be used in 
the benefit/cost analysis, because in 
this type of analysis the sum of the 
stream of the costs is compared to 
the sum of the stream of the benefits. 
We present an example of a 
stream of costs in Table 4, calculated 
for a 30-year period. In this analysis 
we will use a project investment of 
$1,000,000, with an interest rate of 10 
percent. Annual costs, including op-
erations, maintenance, and replace-
ment are set at $25,000 initially, with 
an escalation for inflation. The infla-
tion rates used are those projected by 
the staff of the Energy Commission 
(see Table 5, page 24). 
Power Production Costs 
Once annual costs have been cal-
culated, it is often useful to determine 
the costs per unit of energy pro-
duced. This is done by dividing the 
annual costs by the annual energy 
production. These calculations will 
be particularly helpful as a means of 
comparing per-unit costs of produc-
tion to per-unit values of energy 
which constitute the benefits of the 
project. In the example given above, 
if the project's annual energy pro-
duction is 3,500,000 kWh, then the 
cost per kilowatt-hour is .calculated 
by dividing the cost for a given year 
by this figure. For the first year of 
operation the cost would be 
$131,000 divided by 3,500,000 = 
$0.037 per kilowatt-hour. In the fifth 
year of operation the cost would be 
$141,750 divided by 3,500,000 = 
$0.0405 per kilowatt hour. 
Project Benefits 
The benefits which flow from a hy-
droelectric project are determined 
primarily by the value of the energy 
produced. Other benefits may result 
from a project; for instance, econom-
ic development for an area can be 
enhanced, or an individual can 
become energy independent. 
However, for purposes of an eco-
nomic analysis, the value of the kilo-
watt-hours produced over the eco-
nomic life of the project determines 
the benefits, whether these kilowatt-
hours are sold or used to allow for 
reductions in purchases. 
The Value of Power 
Recent developments in federal 
and state law have considerably im-
proved the prospects for economi-
cally viable small hydroelectric 
projects. Under this new legislation 
the state's investor-owned utilities 
are obligated to purchase electrical 
power from qualifying small produc-
ers at rates which reflect the avoided 
costs of marginal generation, or the 
cost to the utility of the additional 
electricity which they would have to 
generate if they did not purchase it. 
Since this energy is always the most 
expensive in the utility system, these 
marginal prices are increasingly at-
tractive to small power producers. In 
California, the marginal energy is that 
produced by oil and so the value of 
this energy is now, and will continue 
in the forseeable future to be, tied to 
the price of oil. Thus, it is crucial for 
our economic analysis to account for 
escalation rates in the price of oil and 
the resulting increases in the value of 
the marginal electricity. 
While it is risky to predict the fu-
ture costs of any commodity, this is 
particularly the case where political 
factors play as large a part as they do 
in the matter of oil prices. However, 
the staff of the California Energy 
Commission have developed various 
pricing scenarios which can be used 
as a guide in the economic analysis of 
potential hydroelectric projects. 6 Ta-
ble 5, below, is based upon the Ener-
gy Commission staff's medium level 
projections for oil price escalation, 
for both crude oil and for the residual 
oil most commonly used by the 
state's utilities. The values are given 
in both 1980 constant dollars, dis-
counting inflationary effects, and in 
nominal dollars, the actual dollars in 
any given year in the future. The En-
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ergy Rate in the table is the value, in 
cents per kilowatt-hour, of generating 
electricity using residual oil, and as-
sumes that it takes an average 10,500 
Btu to generate 1 kilowatt-hour, 
known as the heat rate. The table also 
shows the projected rates of inflation 
for the economy as a whole. These 
rates are used in calculating nominal 
dollar values. The table indicates that 
prices for oil, both crude and resid-
ual, will escalate more rapidly than 
the overall rate of inflation. 
The value of energy depends also 
on when that energy is used. Energy 
used during periods of maximum sys-
tem demand is called "peak" energy, 
used during "on-peak" hours. Energy 
demand is lower for "partial-peak" 
and "off-peak" hours. Typically a 
utility system will generate electricity 
from its least expensive sources most 
of the time, and add power from the 
more expensive sources as demand 
increases. This is why the value of 
energy and the prices offered are 
highest for peak hours. 
The investor-owned utilities in Cal-
ifornia are required by the Public 
Utilities Commission to publish their 
schedules of offered prices for pur-
chase of power from qualified small 
producers. These offers reflect 
changing costs of oil generation in 
each utility system and are updated 
quarterly. An example of an offering 
from Pacific Gas & Electric for the 
period of February through April 
1981 is given below: 
On-peak hours................ $0.6580 per kWh 
Partial-peak hours ........ $0.06219 per kWh 
Off-peak hours.............. $0.05553 per kWh 
In addition to the value of the ener-
gy, in certain circumstances a value is 
attached to the capacity which a 
project contributes to a utility system. 
The calculation of this value is com-
plex and can be worked out in the 
sales negotiation process. This value 
is usually expressed either in dollars 
per kilowatt capacity per month, or 
in terms of cents per kilowatt-hour. 
Current purchase price offerings 
from the three major investor-owned 
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utilities in California can be found by 
contacting representatives of the 
utilities. The contacts are listed be-
low. 
INVESTOR-OWNED 
CALIFORNIA UTILITIES 
The electric utilities in the 
State of California have 
been ordered by the Califor-
nia Public Utilities Commis-
sion to publish schedules of 
their "full avoided costs" 
and to make these available 
to existing and potential 
small power producers. 
Copies of these can be ob-
tained by contacting the fol-
lowing utilities directly: 
Pacific Gas and Electric 
Company 
Small Power Production In-
formation 
77 Beale Street 
San Francisco. CA 94106 
(415) 781-4211. Extension 
2681 
San Diego Gas and Electric 
Company 
Attention: Terry Sinnott 
P.O. Box 1831 
San Diego. CA 92112 
(714) 232-4252 
Southern California Edison 
Company 
Cogeneration and Small 
Power Production 
Box BOO 
Rosemead. CA 91770 
(213) 572-1419 
Eligibility for status as a small pow-
er producer, which allows producers 
to take advantage of the price offer-
ings, depends upon approval of an 
application made to the Federal Ener-
gy Regulatory Commission (FERC). 
The application is simple, and inqui-
ries can be made of FERC at the time 
an application for a preliminary per-
mit or exemption is made. The ad-
dress and phone numbers are listed 
in the Appendix. We include here a 
map of the California Electric Utility 
Service Areas (Figure 5) . · 
Considerations in the Sale 
of Power 
While the investor-owned utilities 
must make these offers available to 
qualified small producers and utili-
ties, small producers are of course 
free to make whatever contractual 
arrangements suit both parties. Fur-
thermore, a power producer may 
find it more advantageous to sell to a 
public agency rather than an inves-
tor-owned utility, depending on the 
terms available. In this section we 
will briefly outline some of the con-
siderations the developer should be 
aware of in seeking to market power 
from a current or a potential project. 
Generally speaking, there are three 
kinds of contracts for the sale of pow-
er: 
( 1) "Hell or high water," 
(2) "Take or Pay," and 
(3) "Take and Pay." 
The "hell or high water" contract 
is certainly the most attractive to the 
seller since under these contracts the 
purchaser agrees to pay a fixed sum, 
whether power is generated or not. It 
is particularly important to deal with 
the problem of the "dry year"-that 
is, a year in which drought conditions 
make it impossible to generate ener-
gy adequate to meet debt service re-
quirements. For a public agency 
which is funding a project with reve-
nue bonds, this type of contract, 
signed in advance of the construction 
of the project, will make it possible to 
market bonds at lower interest rates 
since there is a guarantee for the debt 
service. 
It may be difficult to negotiate such 
a contract for a small project since 
utilities will often require a thorough 
and costly evaluation of the historical 
water conditions and the "firm" 
capacity potential of the site. These 
costs may not be warranted by the 
energies involved. 
----------- --· 
The "take or pay" contract obli-
gates the purchaser to buy whatever 
energy is generated or a specific 
amount of energy, depending on the 
contract, and it must pay even if it 
does not take the energy produced. 
Under the third type, the "take and 
pay" arrangement, the purchaser 
agrees to purchase only what it 
needs. 
Overall Economic 
Evaluation-Benefit/ 
Cost Analysis 
An economic evaluation using a 
benefit/cost analysis will join the ele-
ments described above. A stream of 
costs in nominal dollars was present-
.... .. \ 
ed in Table 4-that is, costs as they 
appear in each year in the dollars of 
thil.t year as affected by inflation. 
In Table 6 , these costs are shown 
again and then corrected for inflation 
in order to show constant dollars. We 
also present benefits both in nominal 
dollars and after correction by the 
deflation factor. This procedure is 
somewhat roundabout, since the de-
flator could have been used initially 
to show all calculations in constant 
dollars. Allowing for inflation and 
then deflating is the more explicit 
procedure. 
Table 6 is based on a number of 
assumptions and is presented for 
demonstration purposes only. Note 
that for this table, in addition to the 
LEGEND 
debt financing used, an additional 
$500,000 is assumed to be required 
as an equity investment. Power pro-
duction assumptions for the project 
are unchanged from those used ear-
lier. 
Assumptions: 
• Project capital costs of 
$1,500,000. Of this, 
$1,000,000 are debt capital 
with capital recovery over 30 
years at 10 percent annual in-
terest. $500,000 are equity in-
vestment by developer. 
• OM&R at $25,000 per year 
initially, escalating with infla-
tion. 
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Table 5 
CEC STAFF 
WORLD OIL PRICE FORECAST (MEDIUM ESTIMATE) 
Equ~valent Price per KWh and U.S. Inflation Rates 
_./-
World Crude Residual Oil 
Oil Price {$/Bbl) (.5% Sulphur) 
Energy Rate Inflation 
1980 Dollars Nominal Dollars (¢/KWH) Rate 
Year 1980 Dollars Nominal Dollars ($/mm BTU) ($/mm BTU) !Nominal Dollar5 (%) 
1981 .... ... ... 32.00 35.00 5.30 5.80 
1982 .......... 33.00 39.55 5.50 6.60 
1983 ......... . 34.00 44.65 5.70 7.50 
1984 .......... 35.00 49.95 6.00 8.60 
1985 .......... 36.00 55.70 6.20 9.60 
1986 ...... .. .. 38.15 63.90 6.60 11 .00 
1987 .......... 40.40 73.00 7.00 12.70 
1988 ....... ... 42.80 83.10 7.40 14.40 
1989 .......... 45.40 94.35 7.80 16.20 
1990 ....... ... 48.00 106.50 8.30 18.40 
1991 .......... 49.00 116.00 8.50 20.10 
1992 .......... 49.90 126.00 8.60 21 .70 
1993 .......... 51.00 137.45 8.80 23.70 
1994 .......... 52.00 149.55 9.00 25.90 
1995 .......... 53.00 162.60 9.20 28.20 
1996 ..... ..... 54.00 176.60 9.40 30.70 
1997 .......... 55.10 192.10 9.60 33.50 
1998 .......... 56.25 209.00 9.80 36.40 
1999 ·········· 57.40 227.40 10.00 39.60 
2000 .......... 59.00 249.00 10.20 43.10 
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• Project produces 3,500,000 
kwh per year. 
• 1981 is taken as the first year 
of the project and the value of 
power is based on the escalat-
ing rates for oil described 
above in Table 5, rising from 
6.1 cents/kwh in 1981 to 45.2 
cents/kwh in the year 2000. 
Oil values are assumed to rise 
after year 2000 at the same 
rate as overall inflation, yield-
ing constant benefit after ap-
plying the deflator factor. 
• Inflation is calculated at the 
rates used in Table 5 above: 
9.3 percent in 1981, and fall-
ing to 6.6 percent in 1996. In-
flation is calculated at 6 
percent per year after the year 
2000. 
This sample benefit/ cost analysis 
shows a positive cash flow from the 
first year of project operation; some 
projects will show a negative cash 
flow for the first years. Depending on 
the circumstances of the developer, 
an initial negative cash flow may 
make the project infeasible, even 
though returns over the life of the 
project are excellent. 
This table also allows us to calcu-
late the payback period of the 
project. The payback period is the 
length of time required before the 
project's accumulating net benefits 
equal the initial equity investment. 
Simple payback calculations are nor-
mally based on nondiscounted cash 
flows. In the sample the simple pay-
back is completed after four years, at 
which point the sum of the net bene-
fits is $507,070, slightly larger than the 
6.1 9.3 
6.9 9.7 
7.9 9.5 
9.0 8.7 
10.1 8.4 
11 .6 8.3 
13.3 7.9 
15.1 7.5 
17.0 7.0 
19.3 6.7 
21 .1 6.7 
22.8 6.7 
24.9 6.7 
27.2 6.7 
29.6 6.7 
32.2 6.6 
35.2 6.6 
38.2 6.6 
41 .6 6.6 
45.2 6.6 
initial $500,000 equity investment. 
A somewhat more sophisticated 
calculation is the Net Present Value 
calculation, which determines the 
value of an investment over the life of 
the project based on the discounted 
cash flow. The discounted net bene-
fits of the project equals the sum of 
constant dollar benefits, $9,579,600, 
minus the constant dollar costs, $1,-
908,780, equals $7,670,820. Subtrac-
tion of the initial equity investment of 
$500,000 means the project has a Net 
Present Value of $7,170,820. 
While a benefit/ cost analysis such 
as the one presented is valuable in 
determining basic viability, cash 
flow, and payback, we stress that 
these are not the only indicators of 
the desirability of a project. Desira-
bility depends on many factors, in-
cluding the circumstances of the 
Table 6 
Benefit/Cost Analysis 
1980 1980 
Cost Benefit Deflator Constant Constant 
Year Stream Stream Factor $Costs $Benefits 
1 131.080 213.500 .9149 119.920 195.330 
2 133,400 241.500 .8340 111.250 201.410 
3 136.050 276.500 .7616 103.610 210.580 
4 138.900 315.000 .7006 97.310 220.700 
5 141.750 353.500 .6463 91.610 228.450 
6 144.750 406,000 .5967 86.370 242.260 
7 147.960 465.500 .5530 81.820 257.420 
8 151.280 528.500 .5144 77.820 271.860 
9 154.660 595.000 .4807 74.340 286.020 
10 '158.080 675.500 .4505 71.210 304.310 
11 161.550 738.500 .4222 68.200 311.800 
12 165.270 798.000 .3957 65.400 315.770 
13 169.230 871 .500 .3709 62.770 323.240 
14 173.460 952,000 .3476 60.290 330.910 
15 177.980 1.036.000 .3257 57.960 337.420 
16 182.720 1.127.000 .3055 55.820 344,300 
17 187,780 1.232.000 .2866 53.820 353.090 
18 193.170 1.403,500 .2688 51,920 360.330 
19 198.920 1.456.000 .2522 50.160 367.200 
20 205.040 1.582.000 .2366 48.510 374.200 
21 210.980 1.676.500 .2232 47.090 374.300 
22 217.280 1.778.000 .2105 45.740 374.300 
23 223.950 1.883.000 .1986 44.470 374,300 
24 231.020 2.998,500 .1873 43.270 374.300 
25 238.510 2.117.500 .1767 42.140 374.300 
26 246.460 2.243,500 .1667 41.080 374.300 
27 254.880 2.380.000 .1573 40.100 374.300 
28 263,810 2.523.500 .1483 39.120 374,300 
29 273.280 2.674.000 .1400 38.260 374.300 
30 283.310 2.835.000 .1320 37.400 374.300 
1.908.780 9.579.600 
Benefit/Cost Ratio: 9,579,600/1,908,708 = 5.018 
investor and the time value of money 
for the parties concerned. This time 
value is related to the investment op-
portunities available to the investor 
and the return from competing uses 
of capital. These questions are impor-
tant for any would-be developer, ei-
ther public or private, in determining 
whether a small hydroelectric 
project is a worthwhile enterprise. 
It is important to note that an eco-
nomic analysis will depend on 
whether the analysis is to be used by 
a public agency or a private devel-
oper. In California, both public agen-
cies and private developers are 
striving to develop the resource, but 
the decision-making process is some-
what different between the two. A 
public agency will have an invest-
ment policy determined by a more 
narrowly circumscribed range of op-
portunities. A public agency is limited 
as to the type of projects it is empow-
ered to undertake and investment 
decisions will be determined by op-
portunities which fulfill the govern-
mental mandate to provide services. 
An analysis using a benefit/cost ratio 
is important for a public district in 
that it allows the district to determine 
if the project is viable, once the need 
or desirability of the project has been 
determined. A private developer will 
not place the same reliance on the 
benefit/ cost analysis, since it has a 
wider range of projects to choose 
from and does not have a public in-
terest per se. For the private devel-
oper, the more useful index of 
desirability is the rate of return, also 
called the internal rate of return. 
Determination of this rate is some-
what complicated. It involves deter-
mination of the rate of interest, or the 
time value of money, at which the 
discounted stream of benefits from a 
project just equals the initial invest-
ment. This analytic tool is valuable 
for private enterprises which need to 
be able to compare a large number of 
investment opportunities, and have 
great flexibility in their decision-mak-
ing. Both public agencies and private 
developers have an interest in the 
cash flow of a project, but their inter-
est will vary. A private developer 
may not wish to develop a project 
with an initial negative cash flow, or 
he may find the project acceptable 
because the negative cash flow will 
affect his over-all and long-term tax 
situation favorably. A public agency 
may be willing to incur a negative 
cash flow if the project is viable and 
necessary for the long-term, or the 
public agency may not wish to subsi-
dize the project during the early 
years. 
Summary 
In this chapter, certain basic con-
cepts for the economic analysis of a 
project have been presented: 
• A project will have capital 
costs, consisting of the cost of 
project construction plus the 
costs of capital used during 
this period. 
• Annual costs consist of debt 
service on borrowed capital; 
operation, maintenance, re-
placement of equipment and 
insurance; and sinking fund 
may be figured in annual costs 
to make specific sums avail-
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able for replacement of equip-
ment in the future. 
• Annual costs can also be pre-
sented in terms of cost per 
kilowatt of electricity pro-
duced. These per unit costs 
are calculated by dividing an-
nual costs by the number of 
energy units produced. 
• The value of power reflects 
the avoided costs of marginal 
generation, which in Califor-
nia is the cost of oil-fired elec-
tricity generation. However, 
power values also depend on 
the time of day electricity is 
sold and the type of contract 
negotiated with the pur-
Drop 7 on the Turlock Irrigation District Canal system. 
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chaser. 
• A benefit/cost analysis will 
demonstrate the ratio of 
benefits to costs over life of a 
project. The analysis also al-
lows for determination of 
cash flow characteristics, and 
for calculation of the payback 
period of the project. 
Chapter Ill REGULATIONS AFFECTING 
SMALL HYDRO PROJECTS 
The regulations and laws affecting 
small hydroelectric development will 
be discussed in this chapter. It is in-
tended as a guide to the permits, li-
censes, rights, and environmental 
clearances which the typical project 
will require, and to procedures to fol-
low in acquiring them. 
Water Rights 
One of the first questions a would-
be developer must address is does he 
possess, or can he acquire, the rights 
to the water to be used in a hydro-
electric project? It is safest to assume 
that the developer does not have 
these rights, regardless of appear-
ances, and he should contact the 
State of California Water Resources 
Control Board. The board will be 
able to inform the developer of his 
rights, and of any permits required to 
secure or confirm these (see Appen-
dix C for phone and address). The 
following discussion is intended to 
give a general background to the is-
sue of water rights, but is not a substi-
tute for contacting the water board. 
In general, water rights consist of 
two kinds: riparian and appropria-
tive. Riparian rights are rights to wa-
ter resulting from ownership of the 
land through which the water flows. 
This right is not lost if it is not exer-
cised, but it is limited in various ways. 
Generally it does not allow either for 
storage or for export of the water off 
of the riparian parcel. The riparian 
owner is limited to reasonable, non-
wasteful use of the water. He must 
share shortages with all other ripari-
ans--he gets no set amount of water, 
but a share of the flow. He can take 
water whenever it occurs, but only as 
it naturally occurs, and cannot store 
it for later need. 
Appropriative water rights depend 
specifically upon the terms of the 
grant for these rights. Unlike riparian. 
rights, appropriative rights do de-
pend upon use, and can be lost if not 
exercised. Priority use of the water 
depends upon the date of application 
for the rights, and diligence in the use 
of the water or the development of 
the project for which it is intended. 
The water can be exported and used 
anywhere, not restricted to a riparian 
land parcel. The right is for a specific 
quantity of water, rather than a per-
centage of flow. Lastly, this right al-
lows for storage of water. 
In general, if a developer is con-
templating additional hydroelectric 
capacity to a project which operates 
with existing water use permits or li-
censes, he should still apply to the 
board to determine if an additional 
use permit is required. Under certain 
circumstances, a new licensing proc-
ess can be avoided. Where the water 
which will flow through the turbine is 
completely covered by existing per-
mits and licenses with respect to 
amount and season, that is, where 
the operation of the turbine will be 
strictly incidential to the movement 
of water to meet the requirements 
under existing permits and licenses, a 
new license will not be required and 
a petition to add incidental power 
under existing rights can be filed. 
Although the board has jurisdic-
tion over most water uses in the state, 
it does lack jurisdiction in a few 
cases: if the water is fully used under 
riparian or pre-1914 appropriative 
claim; if it is groundwater which is 
not flowing in a known and definite 
undergound channel before extrac-
tion; or if the water is flowing in an 
outfall from a waste water treatment 
plant. However, these cases depend 
upon conditions and definitions 
which may not apply to a given 
project, and the developer should 
consult with the board. Even though 
water fully used under riparian claim 
is not subject to board jurisdiction, 
the portion of a stream subject to ri-
parian use may vary in amount at dif-
ferent times of the year. Even where 
the stream flow is constant year-
round, the portion of the stream sub-
ject to riparian claim-the amount of 
riparian water-may be reduced to 
zero during certain months when 
"foreign" water constitutes the entire 
flow. "Foreign" water is water flow-
ing in the stream bed as a result of an 
artificial water supply. This could oc-
cur either as the result of an im-
poundment or other water regulation 
structure· on the same watershed, or 
as a result of water brought into the 
watershed from a different water-
shed. 
It is also important to note that the 
lack of jurisdiction over water flow-
ing in an outfall from a waste water 
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treatment plant refers only to water 
use rights within the conduits of the 
treatment system, and not to ques-
tions of water quality for effluent. 
After an application or a petition is 
on file, it is reviewed for complete-
ness and conformity with the law and 
the board's regulations. Public notice 
is then given of all applications and 
petitions which may have more than 
local interest. This opens a period 
during which protests may be filed 
based on inj!Jry to vested rights or the 
environment or on an allegation that 
the project or change is illegal or 
does not best conserve the public in-
terest. If the protests cannot be elimi-
nated by agreement, a hearing (or 
proceedings in lieu of hearing) is 
necessary. Environmental documen-
tation is considered in the hearing 
process, and unless the applicant and 
protestants reach agreement before 
conclusion of the hearing, a decision 
is prepared. The board's decision will 
determine whether the application 
should be approved, partially ap-
proved, or denied and will specify 
the permit terms the board will re-
quire. Unprotested applications with 
completed environmental docu-
ments should be acted on directly by 
the board. 
An application or a petition should 
be filed as soon as the project fea-
tures, locations and configurations, 
the sizes of the physical works and 
amounts of water to be appropriated 
have been determined, provided that 
such time is not so far in advance of 
actual construction that continuous 
diligence cannot be maintained. 
A project proponent should con-
tact the Division of Water Rights, 
State Water Resources Control 
Board, n Cadillac Drive, Sacra-
mento, California 95825 for further 
information regarding filing an ap-
plication or a petition, and should 
-confer with the Division's Environ-
mental Unit before preparing any en-
vironmental documents. 
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Federal Energy Regulatory 
Commission ( FERC) 
Permits, Licenses, and 
Exemptions 
The permits and licenses required 
by a project will depend largely on 
the kind of project, its uses, and its 
location. A project located on private 
land, using an independent water 
supply and generating power for 
private consumption and does not 
enter the electrical grid, does not 
require a federal license or permit. 
However, if a project: 
( 1 ) is located in part or wholly 
on federal land, 
(2) is located on a navigable 
river or stream, or 
(3) generates power which is 
connected with the 
electrical grid, 
it requires from the Federal Energy 
Regulatory Commission ( FERC) 
either a license or an exemption from 
the licensing process. 
A developer may want to apply for 
a preliminary permit for a project. Al-
though it is not legally necessary to 
file for this permit, if it is granted it 
gains for the developer a priority over 
later, equally qualified developers 
with respect to the project. Prelimi-
nary permits may be granted for a 
period of up to three years, but this 
period may be shorter depending on 
the project. It is during the prelimi-
nary period that the applicant can 
prepare all of the documents to be 
submitted with the license applica-
tion. It can take over six months to 
obtain a preliminary permit, and 
competing applications may extend 
this time. Because of the length of 
time involved, a developer should in-
vestigate the filing requirements as 
soon as possible. 
Minor Licenses 
Licenses required for construction 
and operation depend on the size 
and type of project. For example, 
projects over 1 ,500 kilowatts in size 
at existing dams require a Major Li-
cense. Here, however, we are con-
cerned only with smaller projects 
under 1 ,500 kilowatts which require 
the "Short-Form," or Minor License. 
The Minor License application is a 
short document designed to expedite 
the licensing process. A copy of this 
application is included in Appendix 
D, along with the "Instructions for 
Completing the Short-Form Applica-
tion." The instructions list the infor-
mation required, including maps, 
descriptions of the structures and 
equipment, and environmental re-
ports which must be submitted at the 
same time as the application. 
Exemptions 
Under certain circumstances, the 
licensing process can be avoided. 
Depending on the water flow system, 
current law allows exemptions from 
licensing form projects up to 15,000 
kilowatts in size which are located on 
man-made conduits. In addition, new 
law and regulations allow for exemp-
tions at existing dams for projects up 
to five megawatts in size. The newly 
adopted regulations offer preference 
to persons who own the facilities and 
site where the project could be built. 
This should serve as an inducement 
to private parties to explore the pos-
sibilities for development. For infor-
mation on whether a project qualifies 
for an exemption, please contact: 
Regional Engineer 
Federal Energy Regulatory 
Commission 
333 Market Street, Sixth Floor 
San Francisco, CA 94105 
Telephone inquiries should be direct-
ed to Mr. William Kopfler, Chief, Hy-
dropower licensing Branch, at ( 415) 
974-7137. 
A copy of the exemption applica-
tion form for conduits is included in 
Appendix D of this report. The Fed-
eral Energy Regulatory Commission 
has indicated that an application for 
an exemption which is not successful 
will be used as the basis for a prelimi-
nary permit application. 
Other Permits and Li-
censes-The Lead Agency 
A system exists in California to as-
sist the would-be developer in ob-
taining the permits, licenses, and 
environmental clearances needed for 
various projects. Normally the public 
agency with a significant or immedi-
ate concern in the project becomes 
the lead agency. If the county has a 
planning or permitting agency au-
thorized by county ordinance to re-
view the construction of hydro 
projects, the county will a~t as the 
lead agency and will be responsible 
for assisting the developer by co-or-
dinating the steps necessary to fulfill 
permitting conditions. If the county 
has no review and permitting author-
ity, another public agency, usually 
the state Water Resources Control 
Board, acts as the lead agency. Public 
agencies undertaking hydro projects 
act for themselves as lead agency. 
When the county acts as the lead 
agency, the developer should estab-
lish a working relationship with the 
county as soon as possible to take 
advantage of the assistance available. 
The county itself can get assistance 
from the Office of Permit Assistance, 
part of the Governor's Office of Plan-
ning and Research. The Office of Per-
mit Assistance is the state's center for 
information on permit processes and 
is able to answer questions from both 
individuals and agencies, as well as 
assist in the resolution of disputes 
when necessary. The telephone and 
address are listed in Appendix C. 
Environmental Regulations 
and Review-
California Environmental 
Quality Act ( CEQA) 
While preparing the application for 
a License or an Exemption from the 
Federal Energy Regulatory Commis-
sion, the developer should simultan-
eously assemble the documentation 
to demonstrate compliance with en-
vironmental laws in California, in par-
ticular, the California Environmental 
Quality Act (CEQA) of 1970. 
The applicant should consult with 
the lead agency to determine how 
CEQA applies, and what steps must 
be followed. A developer must sub-
mit a permit application to the lead 
agency, and if this application is com-
plete, the agency is responsible for 
preparing an Initial Study. If the study 
indicates there will be no significant 
environmental impacts, the agency 
will prepare a Negative Declaration. 
The Negative Declaration will be 
made available to the public, and all 
interested parties will be given ade-
quate time to comment. 
If there are impacts that can be 
readily and effectively mitigated, the 
lead agency will prepare a Mitigated 
Negative Declaration. The mitigation 
strategies are incorporated as a con-
dition of permit approval. If the Initial 
Study concludes that the environ-
mental impacts are potentially signifi-
cant, an Environmental Impact 
Report must be prepared by the lead 
agency. An EIR process can ·be 
lengthy and costly, and because of 
the time required, it is advisable for a 
developer to start this environmental 
review process as soon as possible. 
A large number of public agencies 
may have legitimate concerns and ju-
risdiction over aspects of a project. In 
satisfying the requirements of FERC 
and the provisions of CEQA, these 
agencies must be contacted and pro-
vided with a description of the 
proposed project. In many cases, the 
concerns of the agency can be satis-
fied very simply, and the developer 
or agency can easily provide the in-
formation required. A phone call 
may be all that is required. However, 
it is advisable that a follow-up letter 
that reviews the substance and con-
clusions of the phone call be sent to 
the agency. A copy of this letter can 
then be kept in the package of 
material which will satisfy the re-
quirements of CEQA and be submit-
ted as part of the application to the 
Federal Energy Regulatory Commis-
sion. Where the concerns and com-
ments of the agency are serious and 
substantial, more than a copy of the 
correspondence will be required. 
The following section discusses the 
agencies which may have concerns 
relevant to the permitting or license 
of a project. 
Federal Agencies 
In addition to the Federal Energy 
Regulatory Commission, the devel-
oper may be required to gain ap-
proval from a small number of 
federal agencies, depending on the 
location of the project or the activi-
ties the project entails. If the project 
is to be located on federal lands, ap-
proval is required from the Bureau of 
Land Management (BLM), the U.S. 
Forest Service, or the National Park 
Service. In addition, the project may 
require permits from the Army Corps 
of Engineers. 
Any person or agency proposing to 
locate a structure, excavate or dis-
charge dredged or fill material into 
waters of the United States must ob-
tain a Corps permit. The Corps has 
permit authority over navigable wa-
ters, but the developer should keep in 
mind that the definition of "naviga-
ble" has been so broadly interpreted 
that he cannot assume that the wa-
ters in question are not within Corps 
jurisdiction, no matter how clear the 
case may seem. For the addresses of 
the Corps districts in California, see 
the Appendix. 
State Agencies 
California Water Resources 
Control Board 
In addition to water rights, a devel-
oper may need to apply to the Water 
Resources Control Board ( WRCB) 
for a Statement of Water Diversion 
and Use, if such diversion is required. 
The applicant should also determine 
if a Water Quality Certificate is re-
quired in connection with the 
project, or if a waiver can be ob-
tained. Such a certificate might be 
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necessary if the project involves the 
use of waste water. 
State Department of Fish and 
Game 
If the project involves a change in 
the natural state of any river, stream, 
or lake in California, the person. or 
agency must enter into a Stream or 
Lake Alteration Agreement with the 
Department of Fish and Game. These 
agreements are called "1601" or 
"1603" permits. As a general rule, the 
requirement applies to any work 
within the mean high-water mark of 
a body of water containing fish or 
wildlife resources, or where the 
project sponsor will use material 
from the stream bed. In addition, if 
the project will require dredging in 
any river stream or lake designated as 
"open," the developer will need a 
Dredging Permit. The prospective 
developer should contact the state 
Department of Fish and Game for 
further information and assistance; 
the address and telephone number 
are listed in the Appendix C. 
Department of Water 
Resources 
Any person or agency proposing to 
construct or enlarge a dam or reser-
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voir must obtain written approval 
from the Department of Water Re-
sources, Division of Safety of Dams, 
for the plans and specifications. A 
Certificate of Approval is needed to 
impound water after the new or en-
larged dam is built. These require-
ments apply to dams or any other 
artificial barrier used to impound or 
divert water which is at least 25 feet 
high and will have an impounding 
capacity of 50 acre-feet of water or 
more. Several types of projects do 
not require approval, and the pro-
spective developer is urged to con-
tact DWR, Dam Safety Division for 
further information. The address and 
phone number are listed in Appendix 
c. 
Other State Agencies 
The developer may have to ac-
quire permits or licenses from other 
state agencies, depending on the lo-
cation of the project. If the project is 
within the area regulated by the Cali-
fornia Coastal Commission, the 
Tahoe Regional Planning Agency, or 
The San Francisco Bay Conservation 
and Development Commission, the 
developer will have to contact these 
agencies and receive approvals. 
In addition, if the project will in-
volve dredging in streams, rivers, or 
lakes where the state has mineral 
rights, or will use state-owned lands 
for right-of-way uses such as power 
lines, the developer must contact the 
State Lands Commission and get the 
required approvals. If a right-of-way 
is required, either for roads or for 
power transmission across state park 
property, approval is required from 
the state Department of Parks and 
Recreation. Similarly, right-of-way 
access through state forest land will 
require approval from the state De-
partment of Forestry. 
Lastly, we should note that the Cal-
ifornia Energy Commission itself has 
no permitting authority over small 
hydro projects. The Commission 
staff, however, is ready to provide 
any assistance it can, and will be hap-
PY to answer questions in connection 
with this booklet and related matters. 
To obtain information and assistance 
contact: 
California Energy Commission 
Office of Small Power 
Producers 
Development Division 
1111 Howe Avenue 
Sacramento, CA 95825 
(916) 924-2401 
Chapter IV FINANCING APPROACHES 
FOR SMALL HYDROELECTRIC 
PROJECT DEVELOPMENT 
The financing of small hydroelec-
tric projects depends largely on the 
type of project, the nature of the en-
tity developing it, and qn the loca-
tion. Financing approaches should 
also take into account the tax benefits 
available for this technology under 
the most recent changes in tax law. 
Revenue Bonds and 
Industrial Development 
Bonds 
With voter approval, a public 
agency is empowered to issue reve-
nue bonds for financing projects 
which contribute to the district oper-
ation. Since most public agencies 
themselves use electricity, this kind 
of public financing for power 
projects has a long history. Revenue 
bonds are distinguished from general 
obligation bonds in that the latter are 
guaranteed by the "full faith and 
credit" of the governmental unit and 
its taxing powers. Revenue bonds are 
paid only out of the income from the 
project itself and are guaranteed only 
by the assets of the project. These 
revenue bonds usually have tax ex-
empt status when the proceeds of the 
bond issue are used for a public pur-
pose and the power is sold either to 
the members of the public within the 
governmental jurisdiction or to an-
other public agency. 
There is another type of govern-
mental obligation, where significant 
benefits from the issue will flow to 
nongovernmental units. These are 
called Industrial Development 
Bonds, and they are defined by Sec-
tion 103(b) of the Internal Revenue 
Service Code. The code and subse-
quent regulations classify a govern-
ment obligation as an lOB if more 
than 25 percent of the proceeds of 
the issue are used directly or indirect-
ly in any trade or business of any en-
tity or entities that do not qualify as a 
governmental unit or a tax exempt 
organization, and more than 25 per-
cent of the principal or interest on the 
obligation is secured directly or in-
directly by any interest in the proper-
ty (e.g., mortgage, security interest) 
used in a trade or business, or by pay-
ment made with respect to such 
property. 
In general, lOBs as defined are not 
tax exempt, but the code describes 
the many exceptions to the general 
rule and those lOBs which are eligi-
ble for tax exempt status. Sports 
facilities, convention or trade show 
facilities, air or water pollution con-
trol facilities, and many other types of 
projects may be financed with tax 
exempt lOBs. In addition, tax exempt 
status was granted by the 1980 Crude 
Oil Windfall Profit Tax Act to lOBs 
financing certain small hydroelectric 
projects. Eligible small projects can 
now qualify for the tax exempt bond 
financing regardless of what portion 
of the energy output is sold to a utility 
or other firm, as long as the firm or 
utility purchasing the power satisfies 
a "public use test." This test requires 
that the utility provide service to all 
members of the public requesting it 
within the utility service area. The 
availability of tax exempt bond fi-
nancing should improve the ability of 
public agencies to market bonds for 
small hydroelectric development. 
To qualify, projects must be at 
publicly owned dams or sites where 
generation will not involve a dam or 
other impoundment. In addition, the 
full value of the financing is tax ex-
empt only for projects of 25 mega-
watts or smaller. For larger projects, 
up to 125 megawatts in size, a dimin-
ishing fraction of the financing is thus 
eligible, and bond issues .exceeding 
this fraction lose their tax exempt sta-
tus. The costs of the project financed 
by such bonds must be attributable to 
a period up to January 1, 1986, with 
a possible extension for qualifying 
projects up to December 31, 1988. 
A special provision is also made in 
the Internal Revenue Service Code 
for tax exempt Industrial Develop-
ment Bonds which fall within the ex-
emption for certain "small issues." 
Under this exemption, a bond may 
be issued for up to $1,000,000 where 
substantially all of the proceeds are 
to be used for the acquisition, con-
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struction, reconstruction, or im-
provement of land or depreciable 
property. The governmental unit issu-
ing the bond may increase the size of 
the issue up to $10,000,000 as long as 
the total capital expenditures ( re-
gardless of the source of funding) fpr 
a project in one political subdivision 
do not exceed this maximum. The 
limitation on total capital expenditure 
applies for a six-year period begin-
ning three years prior to the bond 
issue and ending three years thereaf-
ter. 
Until recently state law in Califor-
nia did not authorize local govern-
ments to issue IDBs for the full range 
of projects allowed by the federal 
government. However, under a re-
cently passed law, cities and counties 
in the state can now establish indus-
trial development authorities and, 
with state review, issue bonds to fi-
nance a wide range of projects, in-
cluding hydroelectric projects. 
Since legislation dealing with IDBs 
is new, an individual wishing to in-
vestigate the use of these bonds for 
project financing should consult with 
the city or county for specific advice. 
If such bonding is possible, the tax 
exempt status will of course reduce 
project costs and improve bond mar-
keting. 
The California Alternative 
Energy Sources Financing 
Authority 
Under a bill passed in September 
1980, the California Alternative Ener-
gy Sources Financing Authority 
(CAESFA) was established and au-
thorized to issue up to $200 million in 
revenue bonds to finance alternative 
energy projects. Bonds issued by this 
agency, like those issued by local fi-
nancing authorities, are tax-exempt 
under the conditions of the Windfall 
Profit Tax Act of 1980. Although this 
agency is still in the formulative 
stages, it should be in full operation 
by the end of 1981·. For further infor-
mation interested parties may con-
tact: 
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Andy Rose or Elaine Russell 
Alternative Energy Sources 
Financing Authority 
P.O. Box 2750 
Sacramento, California 
(916) 445-9597 
The SAFE-8/DCO 
Legislation passed in 1980 estab-
lishes a new corporation with semi-
public status-the State Assistance 
Fund for Energy, California Business 
and Industrial Development Corpo-
ration. This corporation is authorized 
to issue loan~ to small businesses en-
gaged in alternative energy enter-
prises and small hydroelectric 
projects. The corporation has re-
ceived state funding of two and one-
half million dollars, but these re-
sources will be extended through 
participation in the federal Small 
Business Administration's loan guar-
antee program. However, under the 
federal program, individual loans will 
be limited to $550,000. The corpora-
tion is currently being formed and 
should be in operation by mid-1981. 
For further information, interested 
parties can contact: 
John Mackie 
State Business, Transportation 
and Housing Agency 
Sacramento, California 
(916) 322-2781 
Other Private Develop-
ment Financing 
Other financing available to pri-
vate developers is basically depend-
ent on conventional sources. The 
rates at which capital can be bor-
rowed depend on the risks. These 
risks are somewhat reduced and bor-
rowing rates can be improved if a 
long-term contract is negotiated for 
purchase of power from the devel-
oper, as is done by public districts. As 
with everything else, it will pay the 
prospective developer to shop 
around for the best contract terms 
and purchase prices. In addition to 
the investor-owned utilities listed in 
Chapter II, a developer may wish to 
investigate public agencies such as ir-
rigation districts, water districts, or 
municipal utilities for the best terms 
and possible assistance in financing. 
Federal Taxes 
Privately owned hydroelectric 
projects are eligible for tax credits as 
are other investments in tangible, 
depreciable property (the so-called 
Section 38 property) . The regular 
business investment tax credit is 10 
percent, and it applies against ex-
penditures for property used as an 
integral part of manufacturing and a 
variety of other business activities, in-
cluding the generation and sale of 
electrical energy. Property with a 
useful life of seven years or more is 
eligible for tax credit based on the full 
expenditure, and most hydroelectric 
equipment should qualify. 
An additional11 percent tax credit 
is now available for small hydroelec-
tric projects up to 125 megawatts in 
size as a result of the Crude Oil 
Windfall Profit Tax Act of 1980. This 
new tax credit is applicable to 
projects at existing dams or at 
projects without dams or other im-
poundments of water. This credit is 
calculated against all expenditures 
for equipment up to but not including 
the electrical transmission stage. 
Thus, certain expenditures which are 
not eligible for the regular credit may 
qualify for the energy credit. Howev-
er, a special provision has been in-
cluded in recent law so that where an 
energy tax credit exists for a project, 
the regular tax credit will also apply 
for a fish passageway, which is part 
of a qualifying hydro project. 
Tax credits are calculated by first 
figuring the credit available from the 
regular tax credit and then calculat-
ing the 11 percent energy tax credit. 
The regular tax credit has certain 
limitations. The first $25,000 of credit 
can be applied against the tax liabili-
ty. After this first $25,000, credits can 
be applied only against a percentage 
of the remaining liability. If the taxa-
ble year ends in 1979, the percentage 
is 60 percent; 1980, the percentage is 
70 percent; 1981, the percentage is 80 
percent; 1982 or thereafter, the per-
centage is 90 percent. The energy tax 
credit may be applied against 100 
percent of the liability. 
It should be noted that the energy 
tax credit of 11 percent applies in full 
for projects up to 25 megawatts in 
size. For projects larger than 25 
megawatts a reduced percentage of 
the expenditure is eligible as the basis 
for calculation, with the percentage 
reducing to 0 percent at 125 mega-
watts. In determining the installed 
capacity of a project where it takes 
more than one year to complete the 
project, the capacity is considered 
with respect to any site to be the in-
stalled capacity of all electrical gen-
erating equipment placed in service 
during the three taxable years follow-
ing the taxable year in which equip-
ment is placed in service, This credit 
ends at the end of 1985, with a possi-
ble extension to the end of 1988 for 
projects applying for Federal Energy 
Regulatory permits or licenses before 
the beginning of 1986. 
Lastly, it should be noted that the 
financing arrangements for a project 
can affect the tax credits available. 
While the regular business invest-
ment tax credits is available regard-
l~ss of the source of financing, the 
energy property tax credit must be 
calculated based only on the portion 
of the investment not subsidized. If a 
tax exempt industrial revenue bond 
provides 60 percent of the project fi-
nancing, the 11 percent energy prop-
erty tax credit for small hydroelectric 
projects will apply to only 40 percent 
of the total investment. 
Local Taxes 
The local taxes on property, in-
cluding property involved in hydro-
electric projects, are determined by 
the county. Initial tax rate determina-
tions are very important to the eco-
nomics of the project, since under 
Proposition 13 there is a maximum 
value increase of 2 percent per year. 
Valuations should be based on three 
factors: the cost of the construction; 
the income from the project; and the 
market value of the property, includ-
ing the project. While these evalua-
tions are made by the counties, they 
are supposed to be made according 
to the guidelines of the State Board of 
Equalization. If the developer has any 
questions, he may want to contact 
the board or one of the district of-
fices. The board's address in Sacra-
mento is listed in the Appendix. 
Depreciation and Amorti-
zation of Hydroelectric 
Projects 
Lastly, the reader should be aware 
of recent changes in law affecting de-
preciation and amortization. With re-
spect to state taxes, equipment 
involved in alternative energy pro-
duction can now be amortized over 
either 12 months or 60 months at the 
election of the taxpayer. Small hy-
droelectric projects under 25 mega-
watts qualify for these provisions. 
However, for equipment with a use-
ful life of over 15 years, only a portion 
of the value of the asset is eligible for 
this rapid amortization. This portion 
is determined by the proportion 
between the life of the equipment 
and the 15-year period which is the 
base of comparison. For tax pur-
poses, hydroelectric projects typical-
ly have useful lives of 50 years, and 
thus only 30 percent of the value of 
the asset would be subject to this am-
ortization. However, this still allows 
for concurrent accelerated deprecia-
tion over the 50-year lifetime of the 
other 70 percent of the asset's value. 
Federal taxes on hydroelectric equip-
ment generally allow for some form 
of accelerated depreciation also. 
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Chapter V GOVERNMENT PROGRAMS 
TO ASSIST SMALL 
HYDROELECTRIC PROJECTS 
A number of governmental pro-
grams exist which can offer financial 
and technical assistance to the indi-
vidual or agency seeking to develop 
a small hydroelectric project. The fol-
lowing brief review of these pro-
grams includes the contacts at the 
respective agencies which can offer 
further information. 
Federal Programs 
Department of Energy-Feasi-
bility Study and Licensing 
Loans 
The Department of Energy (DOE) 
has a program to aid developers with 
guaranteed loans for feasiblity studies 
and licensing loans. In fiscal year 
1981 (the fiscal year beginning Octo-
ber 1, 1980), DOE has budgeted 
$10,000,000 for loans to cover up to 
90 percent of the cost of feasibility 
studies for successful applicants. As 
of this day, nine projects in California 
have been granted loans for the feasi-
blity studies and one project has 
been given a loan for the licensing 
process. The federal loans are attrac-
tive, since if a project does not work 
out, the loan is forgiven. Loans are for 
up to $50,000. 
For further information about fea-
sibility study and licensing loans, 
please contact: 
U.S. Department of Energy 
Attention: John Crawford 
333 Market Street 
San Francisco, CA 94105 
(415) 764-7084 
DOE-Small Grants 
Another DOE program, the Appro-
priate Technology Small Grants Pro-
gram, is designed to assist 
individuals, small businesses, local 
and state agencies, nonprofit organi-
zations and institutions, and Indian 
tribes. Grants are awarded to 
projects oriented to local needs, skills 
and available resources. Projects 
must be small in scale, conserve non-
renewable energy, and utilize renew-
able resources. Grants are awarded 
in three areas: concept development, 
development, and demonstration. In 
the past, several projects relating to 
small hydroelectric development 
were awarded grants in California. 
Additional information about this 
program can be found by contacting 
the Small Scale Appropriate Energy 
Technology group DOE's San Fran-
cisco address or by calling the Cali-
fornia State Program Office. 
Martha D. McCarthy 
California Program Office 
Small-Scale Appropriate Energy 
Technology Grants Program 
Statewide Energy Consortium, 
Bldg. T-14 
California State University, 
Fullerton 
Fullerton, CA 92634 
(714) n3-2884 
Department of Agriculture-
Farmers Home Administration 
• RESOURCE CONSERVATION 
AND DEVELOPMENT LOANS 
Loans are available under this 
program to rural public agencies 
located within a Resource Con-
servation and Development 
( RCD) area for development of 
water resources and improve-
ment of economic conditions. 
Under certain limiting circum-
stances, small hydroelectric 
projects could qualify for loans, 
but the projects would have to 
generate energy used by a pub-
lic facility operated within the 
district for direct local consump-
tion. For example, a small hydro 
project could be supported if it 
generated energy to serve a 
public recreation facility in the 
district. Energy from the project 
could not be sold. 
• COMMUNITY FACILITIES 
LOANS 
Loans are available to nonprofit 
corporations and state and local 
government agencies under this 
program. Projects are eligible 
which serve local needs in rural 
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areas with 10,000 residents or 
less. Loans are made under this 
program to parties otherwise un-
able to obtain credit through 
commercial sources at reason-
able rates, and can be used for 
constructing, enlarging, extend-
ing, or otherwise improving 
community facilities to provide 
essential services. Small hydro-
electric projects are expected to 
qualify for such loans. These 
loans are at 5 percent interest 
and there is no fixed limit on the 
amount of the loan. 
• FARM OWNERSHIP LOAN 
·AUTHORITY 
Loans are available to farmers 
and ranchers under this program 
for nonfarm projects, provided 
that revenues from such 
projects are less than those re-
ceived from the farming and 
ranching activities. Small hydro-
electric projects will qualify un-
der the program, and the elec-
tricity from the project can 
either be used directly by the 
farmer or rancher, or may be 
sold commercially to a public or 
private user or utility. Loans in 
amounts of up to $200,000 are 
available at 11 percent interest 
and payable for up to 40 years. 
For further information on this 
program, contact the Farmer's 
Home Administration County 
Office nearest you, or the cen-
tral office in Woodland, Califor-
nia. 
• BUSINESS AND INDUSTRIAL 
LOANS 
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These loans are available pri-
marily to promote increased 
employment in rural areas. 
Small hydroelectric projects 
may qualify; however, the pro-
gram offers low-interest loans to 
public agencies and guarantees 
for loans to nonpublic entities or 
individuals who secure loans 
from financial institutions. 
For further information on these 
programs, contact: 
Farmers Home Administration 
459 Cleveland Street 
Woodland, CA 95695 
(916) 666-3382 
The Rural Electrification 
Administration 
The Rural Electrification Adminis-
tration (REA) makes loans for 
projects where: ( 1 ) no adequate and 
dependable source is available to 
meet the consumer's needs; or (2) 
where the rates offered by existing 
power sources would result in a high-
er cost of power to the consumer 
than the cost from facilities financed 
by REA. In addition, the REA has in-
dicated that it will offer assistance 
where projects are considered to be 
in the national interest and contribute 
to resource conservation. Many 
small hydroelectric projects should 
be able to qualify under these terms. 
Loans are available at 5 percent inter-
est for feasibility studies, preliminary 
permits, licenses, and other early 
costs deemed necessary to establish 
the viability of hydroelectric projects. 
It should be noted that if the pro-
spective developer decides to apply 
for a feasibility study loan from DOE, 
the REA will assist borrowers in ap-
plying for the loan. If a project is 
shown to be feasible, the borrower 
would still be eligible to apply the 
REA for a front-end loan, including 
the costs for preliminary design, envi-
ronmental and engineering investiga-
tions, land acquisition, placement of 
long lead time equipment on order 
and other necessary front-end items. 
The developer could also apply to 
REA for a construction loan. 
Rural Electrification Loans are 
available to rural cooperatives, pub-
lic utility districts, power companies, 
municipalities, and other qualified 
power suppliers for the purpose of 
providing central station electric 
service in rural areas. Rural areas are 
defined in the REA as any area not 
included within the boundaries of 
any city, village, or borough having a 
population in excess of 1,500. 
However, if an area has once quali-
fied, it will continue to qualify regard-
less of subsequent population 
changes. 
For further information about 
these programs contact: 
Office of Information and Public 
Affairs 
Rural Electrification Administra-
tion 
U.S. Department of Agriculture 
Washington, DC 20250 
(202) 447-5606 
Department of Commerce-
Economic Development 
Administration 
Through this agency, grants and 
loans are available to states, cities, 
and other political subdivisions, and 
private or public nonprofit organiza-
tions representing a redevelopment 
area. The monies must be used to-
ward projects which have a positive 
impact on the community and must 
create jobs. Energy development 
projects such as small hydroelectric 
projects can be funded, but the regu-
lations and details are not yet avail-
able. 
Also, the Economic Development 
Administrative administers Business 
Development Assistance Loans. 
These loans are designed to encour-
age industrial and commercial ex-
pansion in designated areas, provide 
assistance to business to create per-
manent jobs, and to expand or estab-
lish plants in redevelopment areas. 
To be eligible for these loans, the de-
veloper must demonstrate that he 
has not been able to find funding 
through banks or other private lend-
ing institutions. Businesses relating to 
small hydroelectric projects may be 
eligible for such loans. 
For further information, contact 
the Economic Development Admin-
istration. There are four offices in Cal-
ifornia: 
Fresno-2502 Merced Street 
Suite 101 
Fresno, CA 93721 
(209) 487-5356 
Los Angeles-11777 San Vicente 
Room 900 
Los Angeles, CA 
90049 
( 213) 824-7521 
Oakland-77 jack London 
Square 
Suite "K" 
Oakland, CA 94607 
(415) 273-7081 
Sacramento-2800 Cottage Way 
Room W1446 
Sacramento, CA 
95825 
(916) 484-4314 
The Small Business 
Administration 
The Small Business Administration 
(SBA) Energy Loan Program consists 
of direct loans and loan guarantees. 
Any small business, as defined by the 
SBA, can qualify under this program. 
The loan may be used for all phases 
of development, construction, and 
operation of a small hydro project. At · 
the present time, the SBA has yet to 
fund a small hydro facility in Califor-
nia; however, the agency has indicat-
ed that it would be receptive to the 
idea of funding future projects. Cur-
rently, California leads the country in 
the number of SBA Energy Loans 
granted. For details contact your lo-
cal SBA office. 
SBA Regional Office: 
450 Golden Gate Avenue 
San Francisco, CA 941 02 
(415) 556-7587 
District Offices: 
211. Main Street 
San Francisco, CA 94105 
(415) 556-4530 
P.O. Box 828 
Fresno, CA 93712 
(209) 487-5189 
800 Front Street 
San Diego, CA 92101 
(714) 293-5440 
111 W St. john Street 
Room 424 
San jose, CA 95113 
(408) 275-7584 
2800 Cottage Way 
Sacramento, CA 95825 
(916) 484-4762 
350 South Figueroa Street 
Los Angeles, CA 90014 
(213) 688-2956 
1515 Clay Street Room 947 
Oakland, CA 94612 
( 415) 273-7790 
Department of Housing and 
Urban Development 
The Urban Development Action 
Grant (UDAG), sponsored by the 
Department of Housing and Urban 
Development, is designed to aid 
qualified cities which meet certain 
"distress" criteria. "Distress" criteria 
include low per capita income levels, 
low employment growth, low popu-
lation growth, and old housing stock. 
These grants must be used to im-
prove a neighborhood or community 
by either revitalizing the local eco-
nomic base, or by helping to reclaim 
neighborhoods. Small hydro projects 
can qualify under this grant; some 
have qualified in certain eastern cit-
ies. 
For further information contact the 
regional H U D office: 
U.S. Department of Housing and 
Urban Development 
450 Golden Gate Avenue, 
Room 8460 
San Francisco, CA 94102 
(415) 556-4752 
U.S. Water and Power Re-
sources Services (formerly the 
Bureau of Reclamation) 
Under the Small Reclamation 
Projects Act of 1956, the Water and 
Power Resources Service (W&PRS) 
administers loan and grant programs 
which can provide assistance to a hy-
droelectric developer. Loans are 
available for multipurpose projects 
--provided that irrigation is one of 
the purposes. The loans provide in-
terest-free funds for that portion of 
the project which funds the irriga-
tion, and low-interest rates for the re-
mainder. 
Grants are available for flood con-
trol projects, which are designed to 
enhance fish and wildlife or recrea-
tion, but these are limited to 50 per-
cent of the cost of the project, with 
the other 50 percent provided as a 
loan. The loan is interest-free for that 
portion of the loan allocated for irri-
gation. These loans and grants are for 
construction only-not for studies. 
The maximum available for loans or 
grants, or the combination, is 21.6 
million dollars; the total cost of the 
project cannot exceed 32.4 million 
dollars. 
For further information contact: 
Northern California-
U.S. Water and Power 
Resources Service 
2800 Cottage Way 
Sacramento, CA 95825 
(916) 484-4228 
Southern California-
U.S. Water and Power 
Resources Services 
P.O. Box 427 
Nevada Highway & Park Street 
Boulder City, NV 89005 
(702) 293-2161 
State Programs-The Cali-
fornia Energy Commission 
The Energy Commission has pro-
vided funding assistance to a number 
of districts and individuals undertak-
ing feasibility studies. In 1981 the 
Commission excepts to cofund up to 
1 0 additional studies, with the devel-
oper contributing 50 percent of the 
cost of the study. Selection of studies 
to be funded will be completed by 
April of 1981. For additional informa-
tion about this funding program con-
tact: 
California Energy Commission 
jim Helmich or Gerald Korshak 
1111 Howe Avenue, MS 66 
Sacramento, CA 95825 
(916) 924-2401 
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Chapter VI HYDROELECTRIC 
This chapter presents a brief re-
view of the main categories of equip-
ment involved in a hydroelectric 
project, and a discussion of their op-
erating characteristics. This introduc-
tion is intended to help a developer 
become more familiar with the 
equipment. Actual equipment selec-
tion will depend upon matching the 
particular characteristics of the site 
with the performance and economic 
characteristics of specific types of 
machinery. 
The proper selection of equipment 
for a hydroelectric project is crucial 
for the success of the enterprise, and 
should not be made without a thor-
ough and professional analysis of the 
project requirements. Professional 
assistance is available either from 
consultants, or directly from equip-
ment manufacturers. Some manufac-
turers will provide extensive 
assistance, evaluating project sites 
and recommending appropriate 
equipment. In addition, some com-
panies will offer a package of services 
and equipment, providing all the an-
cillary equipment along with the tur-
bine and generator. The advantage of 
purchasing such a package is in the 
faster installation, and possibly re-
duced overall costs. In the Appendix, 
we have presented a list of consult-
ants and equipment manufacturers. 
The following discussion draws 
upon many sources, but in particular 
EQUIPMENT AND 
INTERCONNECTIONS 
from two studies, the Guide Manual 
of the United States Army Corps of 
Engineers, Feasibility Studies For 
Small Scale Hydropower Additions/ 
and DOE's Hydroelectric Power 
Evaluation. 8 
Turbines 
The primary piece of equipment 
used for capturing the energy 
contained in a water source is the 
hydraulic turbine. The two general 
classes of hydraulic turbine are: · 
1. The impulse type in which water 
is propelled against containers on 
the periphery of a runner; or 
2. The reaction type, which utilizes 
the combined action of pressure 
and velocity of the water that 
completely fills the runner and 
water passages. 
Impulse Turbines 
The basic type of impulse turbine, 
the Pelton Wheel, consists of a wheel 
or runner with a series of buckets or 
containers attached around the 
periphery (Figure 6). Water is 
released in a jet to strike against the 
buckets. In this way all the available 
water pressure or "head" is 
converted into kinetic energy, with 
the velocity of the water impinging 
upon the buckets to drive the wheel. 
The axes of the adjustable nozzles 
and jets are tangential to the runner 
periphery, and the amount of water 
leaving the nozzles is controlled by a 
tapered plunger, forming and 
controlling the jet. In striking the 
buckets, the water flows with free 
surfaces and only partially fills the 
buckets. Water is in contact with the 
air throughout this process. 
A variation of the Pelton Wheel 
design is the Turgo Impulse Wheel, 
available from a manufacturer in 
England (Figure 7). The Turgo 
Turbine has a jet set at an angle to the 
face of the runner. Water strikes the 
modified buckets at the front and 
discharges at the back side. The 
advantage of the Turgo Wheel is that 
it runs at twice the speed of a Pelton 
wheel and is smaller in diameter for 
comparable capacities. Increased 
speed in the turbine means that there 
is a reduced need for speed increases 
between the turbine and the 
generators. This can reduce 
equipment costs overall. 
A third type of turbine which may 
be classified as an impulse operated 
machine is the cross-flow turbine. 
This equipment is also known as the 
Ossberger Turbine, the name of the 
German manufacturer which 
markets a patented design. In the 
cross-flow turbine, water enters 
radially with respect to the shaft, 
flowing across the vanes which run 
parallel to the shaft axis. A guide vane 
at the water entrance can direct flow 
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to a limited portion of the runner, 
depending on the flow. Cross-flow 
turbines are equipped with a conical 
draft tube creating a pressure below 
atmosphere in the turbine chamber. 
As a result, the difference between 
the turbine centerline elevation and 
the tailwater is not lost to a 
cross-flow machine, as is the case for 
other types of impulse turbines. Air is 
admitted into the chamber through 
an adjustable air inlet valve used to 
control the pressure (Figure 8). 
Performance Characteristics of 
Impulse Turbines 
Impulse turbines of the Turgo and 
Pelton Wheel models run at 
efficiencies of 85 to 90 percent. In 
addition, the efficiency curve for 
such turbines is quite flat, with the 
turbine reaching and retaining peak 
efficiency when operating above 40 
percent of capacity. These turbines 
can operate at very high heads, in 
some cases greater than 1 ,000 feet. 
However, for projects with 
intermediate heads (from 50 to 200 
feet), the higher efficiencies of 
reaction turbines may give them an 
economic advantage over the 
impulse type. Selection should take 
into account the specific 
characteristics of the site, and weigh 
the advantages of each 
configuration. 
The cross-flow also has a flat 
efficiency curve over a wide range of 
flow and head conditions, though 
peak efficiency is somewhat lower 
FIGURE 6 Pelton Wheel 
FIGURE 7 Turgo Turbine 
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(in the 80 to 85 percent range). 
Unlike other impulse turbines, the 
cross-flow can operate efficiently at 
very low heads. The Ossberger 
Company reports that it has installed 
turbines ranging in size from 1 MW 
down to 16 kW, with operating heads 
as low as 6 feet. 
Reaction Turbines 
Reaction turbines are divided into 
two types: the Francis and the 
propeller type. Both propeller and 
Francis turbines may be mounted 
either horizontally or vertically. 
Additionally, propeller turbines may 
be slant-mounted. Trade names have 
been applied to certain propeller 
turbine designs such as Tube, Bulb, 
and Straflo. The runner design 
principles, however, are the same. 
Francis Turbine 
A Francis turbine is one having a 
runner with fixE:!d vanes, usually nine 
or more. Water enters the turbine in 
a radial direction with respect to the 
shaft, and is discharged in an axial 
direction. Principle components 
consist of the runner, a water supply 
case to convey the water to the 
runner, wicket gates to control the 
quantity of water and distribute it 
equally to the runner and a draft tube 
to convey the water away from the 
turbine (Figure 9). 
On a conventional Francis turbine, 
the wicket gate assembly permits 
placing the unit on line at 
synchronous speed to regulate load 
and speed and to shut down the unit. 
The mechanism of large units is 
actuated by hydraulic servomotors. 
Small units may be actuated by 
electric motor gate operations. This 
permits operation of the turbine over 
the full range of flows. In special 
cases, where the flow rate is 
constant, Francis turbines without 
wicket gate mechanisms may be 
used. These units will operate at a· 
fixed load depending upon the net 
head. Start-up and shutdown of 
turbines without wicket gates is 
1. HOUSING 
2. GUIDE VANES 
3. RUNNER 
4. RUNNER BEARING 
5. COVER 
6. AIR VALVE 
7. DRAFT TUBE 
8. TRANSITION PIECE 
9. BASE FRAME 
FIGURE 8 Ossberger Turbine Assembly 
FIGURE 9 Francis Turbine 
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normally accomplished using the 
shutoff valve at the turbine inlet. 
Francis turbines may be mounted 
with vertical or horizontal shafts. 
Vertical mounting allows a smaller 
plan area and permits a deeper 
setting of the turbine with respect to 
tailwater elevation without locating 
the generator below tailwater. 
Generator costs for vertical units are 
higher than for horizontal units 
because of the need for a larger 
thrust bearing. However, the savings 
on construction costs for medium 
and large units generally offset this 
equipment cost increase. Horizontal 
units are often more economical for 
small, higher speed applications 
where standard horizontal 
generators are available. 
Performance Characteristics of 
Francis Turbines 
Francis type reaction turbines are 
widely used when high unit capacity 
is required and when hydraulic heads 
are in the range of 100 to 2,400 feet. 
A Francis turbine may be operated 
over a range of flows from 
approximately 40 to 1 OS percent of 
rated discharge. The upper limit 
generally corresponds to the 
generator rating. The approximate 
head range for operation is from 60 
to 12S percent of design head. In 
general, peak efficiencies of Francis 
turbines, within the capacity range of 
1S MW, will be approximately 88 to 
90 percent. The peak efficiency point 
of a Francis turbine is established at 
90 percent of the rated capacity of 
the turbine. In turn, the efficiency at 
the rated capacity is approximately 2 
percent below peak efficiency. The 
peak efficiency at 60 percent of rated 
head will drop to near 7S percent. 
Propeller Turbines 
In general, the propeller design is 
characterized by an axial flow-that 
is, the equipment is mounted in thE; 
water channel so that the axis of 
rotation is parallel to the flow of the 
propelling water. Depending on the 
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water channel, these turbines may be 
mounted in various configurations 
(Figure 10). The turbine will typically 
have a runner with four, five, or six 
blades. On certain types such as the 
Kaplan turbine design, the blades 
have adjustable pitch, allowing for 
increased efficiencies of operation 
(Figure 11). 
In one version of the axial-flow 
turbine, the generator rotor is 
mounted on the rim of the runner. 
The generator stator assembly is 
mounted concentric to the turbine 
runner and in the same plane. Rim 
generator turbine units are being 
proposed for heads up to 130 feet 
and are available with variable-pitch 
runner blades suitable for reversible 
operation in pumped-storage, 
irrigation and tidal power 
applications. 
Another version of the axial-flow 
turbine system is the bulb turbine. In 
this version the entire generator is 
mounted as an integral unit with the 
turbine inside the water passage. 
Figure 10 (c) illustrates the 
cross-sectional view of such a turbine 
system.9 
Performance Characteristics of 
Propeller Turbines 
Turbine manufacturers have 
developed runner designs for a head 
range of 1S to 110 feet. Four blade 
designs may be used for up to 3S feet 
of head, five blade designs to 6S feet, 
and six blade designs to 11 0 feet. In 
general, peak efficiencies are 
approximately the same as for 
Francis turbines. 
Propeller turbines may be 
operated at power· outputs with flows 
from 40 to 1 OS percent of the rated 
flow. Discharge rates above 1SO 
percent may be obtained; however, 
the higher rates are generally above 
the turbine and generator 
manufacturers' guarantees. Head 
range for satisfactory operation is 
from 60 to 140 percent of design 
head. Efficiency loss at higher heads 
drops 2 to S percentage points below 
FIGURE 10 Various Tuba Turbine Arrangements 
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peak efficiency at the design head, 
and as much as 15 percentage points 
at lower heads. 
Fixed blade propeller type runners 
are designed to have maximum 
efficiency at full load. Efficiency 
curves for the fixed blade machine 
are sharply peaked, with efficiency 
rising rapidly as energy output rises 
up to rated capacity. With variable 
pitch turbines, blade angles can be 
adjusted to coordinate with wicket 
gate opening to maintain a relatively 
high efficiency over a wide range of 
loads. Fixed blade units are less 
costly than variable pitch blade 
turbines; however, the power 
operating ranges are more limited. 
PROPELLER TURBINE 
KAPLAN TURBINE 
FIGURE 11 Propeller Turbines 
Generators 
The generator converts the 
mechanical energy of the turbine into 
electrical energy. Generators have 
two main components: the rotor and 
the stator. The rotor is the rotating 
assembly to which the mechanical 
torque of the turbine shaft is applied. 
By magnetizing or "exciting" the 
rotor, a voltage is induced in the 
stationary component, or the stator. 
The speed of the generator is 
determined by the turbine selection, 
except where geared with a speed 
increaser.ln general, for a fixed value 
of power, a decrease in speed will 
increase the physical size of the 
generator and the cost of the 
machine. 
There are two types of generators: 
the synchronous and the induction 
generation. We shall present a brief 
review of the operations and 
advantages of each. 
Synchronous Generators 
The synchronous generator is so 
named because it i~ synchronized to 
the power grid's voltage and 
frequency before the breaker device 
which connects the generator to the 
system is closed. When connected, it 
continues to operate at synchronous 
speed. 
The excitation of the generator is 
achieved by impressing a direct 
current source across the rotor field 
coils and creating a magnetic field 
within the stator which induces a 
voltage potential in the stator coils. 
This can be accomplished either with 
a static excitation device or with a 
brushless shaft driven exciter. The 
brush less exciter is . a rotating a.c. 
generator with rectifiers on the main 
shaft used to produce d.c. current for 
the field. 
The voltage regulator functions as 
an automatic control device. It 
senses machine voltage and 
compares it to a set point. As the 
generator load changes, the voltage 
regulator adjusts the machine 
excitation to hold the generator 
voltage constant. 
To place a synchronous generator 
on line, synchronizing gear are used. 
The excitor-regulator first brings the 
machine up to system voltage. The 
synchronizing gear matches 
frequency and phase with the system 
and then the generator is connected 
to the grid. In order to maintain 
synchronous speed and provide 
stable power when a load is placed 
on the system, a governor is used. 
The governor, often called a load 
follower, regulates the load on the 
turbine by controlling the inlet water 
valves. This in turn controls the speed 
of the generators to match electrical 
load demands. Governors can be 
either hydraulically or electrically 
operated, depending on system 
needs. 
Synchronous generators have the 
advantage of operating 
independently of the grid, since they 
are self-excited and self-regulating. 
However, such machines are 
complex and relatively expensive, 
and a developer may find a project 
using an induction generator 
economically more attractive. 
Induction Generators 
The induction or a synchronous 
generator is somewhat simpler than 
the synchronous type. Induction 
generators operate initially as 
induction motors, taking their 
excitation from the grid, and are 
brought up to synchronicity by the 
grid. Speed deviation above or below 
synchronous speed, termed "a 
synchronous operation," determines 
whether energy is absorbed or 
supplied by the machine. Because 
the induction generator can be easily 
paralleled with the grid, the need for 
synchronizing equipment is 
eliminated. Because these generators 
are simpler and less expensive, they 
are particularly attractive for smaller 
projects, usually those under one 
megawatt. 
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Interconnections with the 
Grid; Independence 
from the Grid 
The type of equipment, the kind of 
project, and its economics all depend 
largely upon whether the project is to 
be lined to the grid, or whether 
energy production is directed only to 
local consumption. As noted in the 
chapter dealing with regulatory 
matters, a license, or exemption from 
the licensing process, is required 
from the Federal Energy Regulatory 
Commission whenever a project is 
connected to the electrical grid. 
The savings from avoiding the 
· licensing process can be 
economically attractive to small 
projects where the benefits of selling 
power to a utility are not decisive for 
project success. 
Independence from the power grid 
allows for the use of a direct current 
generator. With a direct current 
generator the individual can either 
use the direct current as is, or convert 
it to alternating current when needed 
through the use of an inverter. Such 
a system offers the flexibility of either 
using the power for conventional a. c. 
appliances, or storing the power as 
direct current in batteries. This is 
optimum for very small systems (less 
than 5 kilowatts). In addition, a d.c. 
system is not speed-sensitive, and so 
no governor is needed. Battery 
storage systems used in conjunction 
with small hydroelectric have an 
advantage over those used in 
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conjunction with other alternative 
energy sources such as wind power, 
since a hydro generator will put, 
except in the more extreme cases, 
power back into the battery set 
regularly. This means that a deep 
discharge condition, common with 
wind systems, is very rare. Deep 
discharge is a common cause of 
battery failure. However, we should 
point out that the storage function 
limits the size of the d.c. system as 
batteries become unwieldly and very 
costly in systems over 6 kW. 
There are distinct advantages of 
being tied to the grid. These 
advantages are related in part to the 
question of load control. Hydro units 
that have access to the power grid 
can use the grid as a storage function; 
this is accomplished by putting 
excess power back into the grid and 
taking it back when demand exceeds 
supply. Where there is no access to 
the grid, the load control units must 
dispose of the excess power. Such 
units usually dump excess energy as 
heat, and that heat can often be used 
for supplementary space or water 
heating. Within such a system, load 
control equipment is usually required 
to turn key equipment on and off on 
a priority basis as demand rises and 
falls in relation to output. 
If a project is to be connected to 
the grid, equipment will be required 
which will protect the hydro project, 
as well as the grid itself. 
Interconnection agreements are 
normally signed between the project 
operators and the utility purchasing 
energy and capacity from the 
project, thus providing for proper 
control of generator voltage, current 
and frequency. The control and 
protective equipment protects both 
the generator and the distribution 
system from damage should either 
fail, and supplies a means of safely 
isolating the generator from the 
distribution line should there be an 
electric disturbance or emergency. 
Such negotiations normally form part 
of the negotiations for sale of power. 
Wheeling 
Wheeling is a term which 
describes the transmission of power 
from a producer to a purchaser over 
the lines of a third party. Under 
existing law, the Public Utilities 
Commission is required, upon an 
application by a private energy 
producer, to direct an electrical 
corporation to interconnect its 
facilities with the power source of a 
private energy producer for the 
purpose of transmitting the power to 
the purchaser. Recently enacted 
legislation extends this mandate to 
include small hydroelectric facilities 
of 25 megawatts or less. Until now, 
such applications have not been 
made, and it is unknown if they will 
be utilized in the future, since the 
utilities themselves are required to 
offer attractive prices for the energy. 
However, "wheeling" does exist as 
an option. For further information on 
this subject, contact the California 
Public Utilities Commission. 
NOTES 
1. Index to Sources of Hydrologic Data, Bulletin 230-78, California Department of Water Resources, 
July 1978 (reprinted January 1980) . 
2. Micro-Hydro Power, Reviewing an Old Concept, U.S. Department of Energy, DOE/ET/01752-1, 
January 1979. 
3. Feasibl1ity Studies for Small Scale Hydropower Additions, U.S. Army Corps of Engineers, July 1979. 
4. Feasibility Report of the Potential Hydroelectric Development at Madera Canal Station 980 + 65, 
Report to California Energy Commission by Stoddard & Associates, and Ed Farmer & Associates, 
January 1980. 
5. Feasibility Studies, work cited. 
6. Staff estimates presented to CEC Biennial Report Committee, August 29, 1980, available from CEC 
Assessments Division. 
7. Feasibility Studies, work cited in Chapter I. 
8. Hydroelectric Power Evaluation, U.S. Department of Energy, DOE/FERC-0031, August 1979. 
9. Figures 6, 7, 9, and 11 are from Water Power for Home Energy; by Dernot McGuigan, Garden Way 
Publishing Co., Charlotte, Vermont, 1978. 
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Appendix A HYDROELECTRIC 
CONSULTING FIRMS 
The following list contains the names of firms which have responded to requests for information from 
the Commission. or which have worked on projects studied with Commission funds. This list does not 
constitute Commission endorsement of these firms. 
Aderman. Swift and Lewis 
Consulting Engineers 
1201 East Warner Avenue 
Santa Ana. CA 92705 
(714) 979-1761 
American Hydroelectric 
Development Corporation 
100 Park Center Plaza. Suite 520 
San Jose. CA 95113 
(408) 288-5515 
Anderson-Nichols 
661 Harbour Way South 
Richmond. CA 94804 
(415) 237-5490 
Bechtel National. Inc. 
P.O. Box 3965 
San Francisco. CA 94119 
Bookman-Edmonston Engineering 
600 Security Building 
102 North Brand Boulevard 
Glendale. CA 91203 
Attn: Edmond R. Bates. P.£ 
(213) 245-1883 
Boyle Engineering Corporation 
1501 Quail Street 
P.O. Box 3030 
Newport Beach. CA 92663 
Attn: D. C. Schroeder 
(714) 752-0505 
CH2M Hill. Inc. 
555 Capitol Mall 
Sacramento. CA 95814 
(916) 441-3955 
Clendenen & Associates-
Consultants. Inc. 
12405 Locksley Lane 
Auburn. CA 95603 
(916) 885-7579 
Dames & Moore 
445 South Figueroa Street 
Suite 3500 
Los Angeles. CA 90071 
(213) 683-1560 
Daniel. Mann. Johnson and Mendenhall 
3250 Wilshire Boulevard 
Los Angeles. CA 90010 
(213) 938-1240 
Ed Farmer and Associates. Inc. 
1611 20th Street 
Sacramento. CA 95814 
(916) 443-8842 
Energy Research & Applications. Inc. 
1820 Fourteenth Street 
Santa Monica. CA 90404 
(213) 452-4905 
Energy Service Consulting 
37 Shoal Drive 
Daly City. CA 94104 
( 415) 992-0700 
Engineering-Science. Inc. 
125 West Huntington Drive 
Arcadia, CA 91006 
(916) 445-7560 
Fluid Energy Systems. Inc. 
2302 32nd Street. #C 
Santa Monica. CA 90405 
(213) 450.9861 
Gibbs & Hill 
1754 Technology Drive. Suite 116 
San Jose. CA 95110 
Guyer-Santin. Inc. 
1 107-9th Street. Suite 1002 
Sacramento. CA 95814 
Attn: Paul Guyer 
(916) 442-0686 
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Hansa Enginering Corporation 
500 Sansome Street 
San Francisco. CA 9411 1 
(415) 362-9130 
Harding-Lawson Associates 
P.O. Box 578 
Nova to. CA 94948 
(415) 892-0821 
Harlan and Associates 
P.O. Box 7717 
San Francisco. CA 94120 
( 41 5) 434-3004 
Harold H. Heifrick 
2441 Coronet Boulevard 
Belmont. CA 94002 
Hirsch and Company 
7850 Mission Center Court. Suite 101 
San Diego. CA 92108 
(714) 299-7221 
Hydrocomp 
201 San Antonio Circle 
Mountain View. CA 94040 
(4 1 5) 948-3919 
Hydroelectric Power Engineers 
60 Roan Place 
Woodside. CA 94062 
Hydro Research Science 
3334 Victor Court 
Santa Clara. CA 95050 
(408) 988-1027 
International Engineering Company. Inc. 
180 Howard Street 
San Francisco. CA 94105 
(415) 442-7300 
James Hansen and Associates 
1092 Salmon Drive 
Roseville. CA 95678 
(916) 366-6455 
James Montgomery 
Consulting Engineer 
555 East Walnut Street 
Pasadena. CA 91 101 
Jordan/Avant & Associates 
1 1 1 New Montgomery Street 
San Francisco. CA 94105 
(415) 989-1025 
Joseph E. Bonadiman 
P.O. Box 5852 
606 East Mill Street 
San Francisco. CA 92412 
Kaiser Engineers. Inc. 
300 Lakeside Drive 
Oakland. CA 94666 
(415) 271-4111 
Keating Associates 
2449 Giovanni Drive 
Placerville. CA 95667 
Leeds. Hill and Jewett. Inc. 
1275 Market Street 
San Francisco. CA 94103 
( 41 5) 626-2970 
Oscar Larson and Associates 
1807 Albee Street 
Eureka. CA 95501 
(707) 443-8381 
Perliter and Ingalsbe. Consulting Engineers 
1461 East Chevy Chase Drive 
Glendale. CA 
(21 3) 245-5785 
Raymond Vail and Associates 
1410 Ethan Way 
Sacramento. CA 95825 
(916) 929-3323 
Resource Management International. Inc. 
1540 Riverpark Drive. Suite 222 
Sacramento. CA 95818 
(916) 924-1534 
Ricks. Taylor and Associates. Inc. 
930 Truxtun Avenue 
Bakersfield. CA 93301 
(805) 323-3169 
R. W. Beck and Associates 
1851 Heritage Lane 
Sacramento. CA 95815 
(916) 929-3653 
/ o 
Science Applications. Inc. 
5 Palo Alto Square. Suite 200 
Palo Alto. CA 94304 
(415) 49~326 
SCS Engineers 
4014 Long Beach Boulevard 
Long Beach. CA 90807 
(213) 427-7437 
Shawinigan Engineering Corporation 
100 Bush Street. 9th Floor 
San Francisco. CA 94104 
(415) 433-7912 
Stetson Engineers. Inc. 
3104 East Garvey Avenue 
West Covina. CA 91791 
(213) 967-6202 
OR 
550 Kearney Street. Suite 650 
San Francisco. CA 94108 
Stoddard and Associates. Inc. 
P.O. Box 1071 
Los Banos. CA 93635 
(209) 826-5155 
Sverdrup & Parcel and Associates. Inc. 
417 Montgomery Street 
San Francisco. CA 94127 
(415) 392-8927 
Tudor Engineering Company 
149 New Montgomery Street 
San Francisco. CA 94105 
( 415) 982-8338 
Turbomachines. Inc. 
17342 Eastman Street 
Irvine. CA 92705 
VTN Consol, Inc. 
2301 Campus Drive 
Irvine. CA 92713 
(714) 833-2450 
W. A. Wahler & Associates 
1083 Corporation Way 
P.O. Box 10023 
Palo Alto. CA 96303 
( 415) 968-6250 
Wilsey & Ham 
1035 East Hillsdale Boulevard 
Forster City. CA 94404 
(415) 349-2151 
Winsler & Kelley 
P.O. Box 1345 
Eureka. CA 95501 
(707) 527-8672 
OR 
Winsler & Kelley 
495 Tesconi Circle 
Santa Rosa. CA 95401 
(707) 527-8672 
Woodward-Clyde Consultants 
Three Embarcadero Center. Suite 700 
San Francisco. CA 94111 
(415) 956-7070 
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Appendix B MANUFACTURERS AND 
SUPPLIERS OF SMALL 
HYDROELECTRIC EQUIPMENT 
The following list represents the latest information available to the Commision staff. Staff cannot guarantee that 
it is either complete or current in every case, and in some cases staff did not have complete information as 
to type and characteristics of the equipment offered. 
TURBINES 
Allis-Chalmers 
Hydro-Turbine Division 
East Berlin Road 
P.O. Box 712 
York. PA 17405 
Axel Johnson Corporation 
Spear Street Tower 
1 Market Plaza 
San Francisco. CA 94105 
Barber Hydraulic Turbines Ltd. 
65 Queen Street. West 
Toronto. Ontario 
Canada 195H2195 
Beckwith Electric Company. Inc. 
11811 62nd Street. North 
Largo. FL 33543 
Boeing Engineering and Construction 
P.O. Box 3707 
M.S. 8C-12 
Seattle. WA 98124 
Border Electric Company 
Route 1 
Blaine. WA 98230 
Brown Boveri Corporation 
1460 Livingston Avenue 
North Brunswick. NJ 08902 
Charmilles 
EURO-USA Company 
779 Barbara Avenue 
Solana Beach. CA 92075 
TYPES 
Francis. Impulse. Kaplan. Propeller. Tube. Slant 
and Standardized Tube 
Francis. Impulse. Kaplan. Propeller. Tube and 
Slant 
Vertical. Horizontal and open flume Francis-
Packaged Hydro Units 
Francis. Impulse. Kaplan. Propeller. Tube. Slant 
43 
44 
Campbell Water Wheel Company 
420 South 42nd Street 
Philadelphia. PA 19104 
Canyon Industries 
5346 Mosquito Lake Road 
Deming. WA 98244 
Dames and Moore 
445 South Figueron Street. Ste. 3500 
Los Angeles. CA 90071 
Davis Constructors and Engineers. Inc. 
P.O. Box 4-2360 
Anchorage. AK 99509 
Dominion Engineering 
P.O. Box 220 
Montreal. Canada 
C. Dumont and Cie 
Pont De Ste. Uze 26240 
St. Vallier 
Drome. France 
Escher Wyss. ltd. 
CH-8023 
Zurich. Switzerland 
Essex Turbine Company 
Kettle Cove Industrial park 
Magnolia, MA 01930 
Fuji Electric Co. 
Nissho-lwai American Co. 
700 So. Flower Street 
Los Angeles. CA 90017 
General Electric Co. 
55 Hawthorne Street 
San Francisco. CA 94105 
Gilbert. Gilkes & Gordon. Ltd. 
Westmoreland. England LA9 7BZ 
Hitachi America Ltd. 
100 California Street 
San Francisco. CA 94111 
Independent Power Developers 
Route 3. Box 285 
Sandpoint. ID 83864 
Small Francis and Pelton sets. hydromite. range 
50 watts to 150 kW. 
Francis. Kaplan. Propeller. Bulb and Tube 
Small Kaplan. Francis and Pelton turbines 
Straflow Turbines and energy recovery turbines 
Bulb Turbines 
75-1000 kW 
Francis. Kaplan. Propeller and Standardized Bulb 
Francis. Kaplan and Propeller 
Turgo. Pelton. Francis units from a few kW to 
6MW 
Francis. Kaplan, Propeller and Bulb 
Impulse and Propeller 
Jyoti. Ltd. 
Industrial Area 
PO Chemical Industries 
R.C. Dutt Road 
Baroda 390 003. India 
Kvaerner-Moss Inc. 
800 3rd Avenue 
New York. NY 10022 
Land and Leisure Services 
Priority Land 
St. Thomas Launceston 
Cornwall. England 
James Leffel & Co. 
426 East Street 
Springfield. OH 45501 
Mitsubishi International Corp. 
50 California Street 
San Francisco. CA 94111 
Niagara Water Wheels. Ltd. 
706 E. Main Street 
Weiland. Ontario L3B 3Y 4. 
Canada 
Northern Water Power Co. 
P.O. Box 49 
Harrisville. NH 03450 
Neyrpic Alsthon-Atlantic 
50 Rockefeller Plaza 
New York. NY 10022 
Noble Automated Systems Inc. 
226 Phelan Avenue 
San Jose. CA 95112 
Ossberger Turbines 
F.W.E. Stapenhorst Inc. 
285 Labrosse Avenue 
Pt. Claire. Quebec H9R1A3 
People's Republic of China 
Oriental Engineering & Supply Co. 
670 Newell Road 
Palo Alto. CA 94303 
Peerless Pump 
1200 Sycamore Street 
Montebello. CA 90640 
Francis and Turgo sets 
Francis. Impulse. Kaplan. Tube and Slant-
Standardized 
Propeller and Pelton sets 
Francis. Impulse. Kaplan. Propeller and Open 
Flume 
Francis, Kaplan. Propeller. Bulb. Slant and Tube 
Propeller turbines 20 to 250 kW. 
Axial flow propeller turbines 20 to 250 kW 
Francis, Impulse. Kaplan. Propeller. Bulb, Slant 
and Tube 
Impulse 
Crossflow 
Kaplan. Francis. Pelton Wheels. mixed turbine 
designs. Designs from kW and larger. 
Turbine Generator Systems 5-500 kW 
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Pumps. Pipe and Power 
Kingston Village 
Austin. NV 89310 
Schneider Corporation 
5310-D Power Inn Road 
Sacramento. CA 95820 
Siemens-Allis 
Utility Sales Operation 
P.O. Box 89000 
Atlanta. GA 30338 
Small Hydroelectric Systems 
P.O. Box 124 
Custer. WA 98240 
Sulzer Bros .. Inc. 
1255 Post Street 
San Francisco. CA 94109 
Voest-Aipine 
1923 Magellan Drive 
Oakland. CA 94611 
Westinghouse Electric 
One Maritime Plaza 
San Francisco. CA 94111 
ASEA Inc. 
4 New King Street 
White Plains. NY 10604 
Beloit Power Systems 
555 Lawton Avenue 
Beloit. WI 53511 
Electric Machinery Manufacturing Co. 
BOO Central Avenue 
Minneapolis. MN 5541 
General Electric Company 
1 River Road 
Large Motor and Generator Dept. 
Schenectady. NY 12345 
Hitachi America. Ltd. 
100 California Street 
San Francisco. CA 94111 
Pelton turbines 
Schneider Lift Translator 
Bulb 
Pelton. 5 to 25 kW for heads from 50 to 350 feet. 
Francis. Impulse. Kaplan. Propeller. Bulb. Slant 
and Tube. 
Francis. Impulse. Kaplan. Propeller. Bulb. Slant 
and Tube. 
Bulb 
GENERATORS 
Ideal Electric 
330 East First Street 
Mansfield. OH 44903 
Kato Engineering Company 
1415 First Avenue 
Mankato. MN 56001 
Westinghouse Electric Corp. 
Hydro Generator Dept. 
700 Braddock Avenue 
East Pittsburgh. PA 15112 
Siemens-Allis 
P.O. Box 2168 
Milwaukee. WI 53201 
Appendix C PUBLIC AGENCIES 
A developer may need to contact the following agencies: 
The State Board of Equalization 
1029 N Street 
Sacramento. CA 95814 
(916) 445-6464 
California Department of Fish 
and Game 
Environmental Services Branch 
1416 Ninth Street 
Sacramento. CA 95814 
(916) 445-1383 
Office of Permit Assistance 
Governor's Office of Planning 
and Research 
1400 Tenth Street 
Sacramento. CA 95814 
(916) 322-8515 
State Water Resources Control Board 
Water Rights Division 
77 Cadillac Drive 
Sacramento. CA 95825 
(916) 924-2455 
Department of Water Resources 
Small Hydro Outreach Program 
1416 Ninth Street 
P.O. Box 388 
Sacramento. CA 95802 
(916) 323-0106 
Department of Water Resources 
District Offices 
Northern District 
2440 Main Street 
Red Bluff. CA 96080 
P.O. Box 607 
(916) 527-6530 
STATE AGENCIES 
Department of Water Resources 
District Offices (cont.) 
Central District 
3251 "S" Street 
Sacramento. CA 95816 
(916) 445-6831 
San Joaquin District 
3374 East Shields Avenue 
Fresno. CA 93755 
( 209) 488-5443 
Southern District 
849 South Broadway 
Los Angeles. CA 90055 
(213) 620-4107 
California Energy Commission 
Office of Small Power Producers 
1111 Howe Avenue 
Sacramento. CA 95825 
(916) 924-2401 
Department of Parks and Recreation 
1416 9th Street 
Sacramento. CA 95814 
(916) 445-4624 
Department of Forestry 
1416 9th Street 
Sacramento. CA 95814 
(916) 445-7228 
State Lands Commission 
1807 13th Street 
Sacramento. CA 95814 
(916) 322-2802 
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FEDERAL AGENCIES 
Federal Bureau of Land Management 
District Offices 
Bakersfield District 
800 Truxtun Avenue 
Bakersfield. CA 93301 
(805) 861-4191 
California Desert District 
1695 Spruce Street 
Riverside. CA 92507 
(714) 787-1428 
Redding District 
355 Hemstead Drive 
Redding, CA 96002 
(916) 246-5325 
Susanville District 
705 Hall Street 
Susanville. CA 96130 
(916) 257-5381 
Ukiah District 
555 Leslie Street 
Ukiah, CA 95482 
(707) 462-3873 
The Department of Energy 
333 Market Street 
San Francisco, CA 94105 
( 415) 764-7084 
California Program Office 
Small Scale Appropriate Energy 
Technology Grants Program 
Statewide Energy Consortium. Bldg. T-14 
California State University, Fullerton 
Fullerton. CA 92634 
(714) 773-2884 
Economic Development Administration 
2502 Merced Street 
Suite 101 
Fresno. CA 93721 
(209) 487-5356 
11777 San Vicente 
Room 900 
Los Angeles. CA 90049 
(213) 824-7521 
77 Jack London Square 
Suite "K" 
Oakland. CA 94607 
(415) 273-7081 
2800 Cottage Way 
Room W1446 
Sacramento. CA 95825 
(916) 484-4314 
Farmers Home Administration 
459 Cleveland Street 
Woodland. CA 95695 
( 916) 666-3382 
Federal Energy Regulatory Commission 
Hydropower Licensing Branch 
333 Market Street. Sixth Floor 
San Francisco. CA 94105 
(415) 974-7137 
National Park Service 
Western Regional Office 
Office of Energy 
450 Golden Gate Avenue 
Box 36063 
San _Francisco. CA 94102 
Attention: Richard Davis 
Rural Electrification Administration 
U.S. Department of Agriculture 
Washington. D.C. 20250 
(202) 447-5606 
Small Business Administration 
Regional Office 
450 Golden Gate Avenue 
San Francisco. CA 94102 
(415) 556-7587 
District Offices 
211 Main Street 
San Francisco. CA 94105 
(415) 556-4530 
P.O. Box 828 
Fresno. CA 93712 
(209) 487-5189 
800 Front Street 
San Diego. CA 92101 
(714) 293-5440 
111 W. St. John Street. Room 424 
San Jose. CA 95113 
(408) 275-7584 
2800 Cottage Way 
Sacramento. CA 95825 
(916) 484-4762 
350 South Figueroa Street 
Los Angeles. CA 90014 
(213) 688-2956 
1515 Clay Street. Room 947 
Oakland. CA 94612 
(415) 273-7790 
U.S. Army Corps of Engineers 
Regulatory Section 
650 Capital Mall 
Sacramento. CA 95814 
(916) 440-2842 
U.S. Department of Housing and Urban 
Development 
450 Golden Gate Avenue. Room 8460 
San Francisco. CA 94102 
(415) 556-4752 
U.S. Forest Service 
Regional Forester 
630 Sansome Street 
San Francisco. CA 94111 
(415) 556-6924 
U.S. Water and Power Resources 
(formerly Bureau of Reclamation) 
Northern California 
U.S. Water and Power Resource Service 
2800 Cottage Way 
Sacramento. CA 95825 
(916) 484-4228 
Southern California 
U.S. Water and Power Resources Service 
P.O. Box 427 
Nevada Highway and Park Street 
Boulder City. NV 89005 
(702) 293-2161 
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SUBPART J 
EXEMPTION OF SMALL CONDUIT 
HYDROELECTRIC FACILITIES 
§ 4.90 Applicability and purpose. This subpart implements section 30 of the Federal Power Act and provides 
procedures for obtaining an exemption for constructed or unconstructed small conduit hydroelectric facilities, as defined 
in § 4.91, from all or part of the requirements of Part I of the Federal Power Act, including licensing, and the regulations 
issued under Part I. 
§ 4.91 Definitions. For the purpose of this subpart: 
(a) "Conduit" means any tunnel, canal, pipeline, aqueduct, flume, ditch, or similar manmade water conveyance that 
is operated for the distribution of water for agricultural, municipal, or industrial consumption and not primarily for the 
generation of electricity. The term "not primarily for the generation of electricity" includes but is not limited to a conduit: 
( i) Which was built for the distribution of water for agricultural, municipal, or industrial consumption, and is operated 
for such a purpose, and 
(ii) To which a hydroelectric facility has been or is proposed to be added. 
(b) "Construction of a dam" means any construction, repair, reconstruction, or modification of a dam that creates 
a new impoundment or increases the normal maximum surface elevation or the normal maximum surface area of an 
existing impoundment. 
(c) "Dam" means any structure that impounds water. 
(d) "Fish and wildlife agencies" means the U.S. Fish and Wildlife Service, the National Marine Fisheries Service if 
anadromous fish may be affected, and any State agency with administrative authority over fish or wildlife resources of 
the State in which a particular small conduit hydroelectric facility will be located. 
(e) "Non-Federal lands"means any lands except land to which the United States holds fee title. 
(f) "Small conduit hydroelectric facility" means an existing or proposed hydroelectric facility, including all structures, 
fixtures, equipment, and lands used and useful in the operation or maintenance of the hydroelectric facility, but not 
including the conduit on which the hydroelectric facility is located or the transmission lines associated with the 
hydroelectric facility, which facility is constructed, operated, or maintained for the generation of electric power and: 
( 1 ) utilizes for electric power generation the hydroelectric potential of a conduit; 
(2) is located entirely on non-Federal lands; 
( 3) has an installed generating capacity of 15 megawatts or less; 
( 4) is not an integral part of a dam; 
( 5) discharges the water it uses for power generation either: 
( i) into a conduit; 
( ii) directly to a point of agricultural, municipal, or industrial consumption; or 
(iii) into a natural water body, if a quantity of water equal to or greater than the quantity discharged from the 
hydroelectric facility is withdrawn from that water body downstream into a conduit that is part of the same water supply 
system as the conduit on which the hydroelectric facility is located; and 
(6) does not rely upon construction of a dam which construction will create any portion of the hydrostatic head 
that the facility uses for power generation, unless that construction would occur for agricultural, municipal, or industrial 
consumptive purposes even if hydroelectric generating facilities were not installed. 
§ 4.92 Exemption applications. 
(a) Who may apply. Any citizen or association of citizens of the United States, municipality, State, or a State, or 
corporation incorporated under the laws of the United States or a State, may apply for exemption of a small conduit 
hydroelectric facility from all or part of the provisions of Part I of the Federal Power Act. 
(b) General requirements. 
( 1 ) Except as otherwise prescribed in this subpart, an application for exemption of a small conduit hydroelectric 
facility must conform to the requirements set forth in §§ 1.5 and 1.14 through 1.17 of this chapter. 
(2) An original and fourteen copies of the exemption application must be submitted to the Secretary of the Commis-
sion. Full-sized prints (but not the originals) of all required maps and drawings must be filed with the original application. 
The original maps or drawings (microfilm) may be requested pursuant to § 4.31 (c) of this part. 
(c) Contents of Application. 
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( 1 ) An application for exemption under this subpart must include: 
( i) an introductory statement, including a declaration that the facility for which application is made meets the 
requirements of § 4.91 (f) of this subpart (If the facility qualifies but for the discharge requirement of § 4.91 (f) (5), the 
introductory statement must identify that fact and state that the application is accompanied by a petition fo~ waiver of 
§ 4.91 (f) (5), filed pursuant to§ 1.7(b) of this chapter.); and 
(ii) Exhibits A, B, E, and G. 
(2) Introductory Statement. The introductory statement must be set forth in the following format: 
BEFORE THE 
FEDERAL ENERGY REGULATORY COMMISSION 
APPLICATION FOR EXEMPTION FOR 
SMALL CONDUIT HYDROELECTRIC FACILITY 
(Name of applicant) applies to the Federal Energy Regulatory Commission for an exemption for the (name of facility), 
a small conduit hydroelectric facility that meets the requirements of (insert the following language, as appropriate: 
"§ 4.91 (f) of this subpart" or§ 4.91 (f) of this subpart, except paragraph (f) (5)"), from certain provisions of Part I of 
the Federal Power Act. 
The location of the facility is: 
State or Territory: 
County: 
Township or nearby town: 
The exact name and business address of each applicant are: 
The exact name and business address of each person authorized to act as agent for the applicant in this application 
are: 
(Name of applicant) is (a citizen of the United States, an asociation of citizens of the United States, a municipality, 
State, or a corporation incorporated under the laws of (specify the United States or the State of incorporation, as 
appropriate), as appropriate). 
The provisions of Part I of the Federal Power Act for which exemption is requested are: 
(List here all sections or subsections for which exemption is requested.) 
(If the facility does not meet the requirement of § 4.91 (f) (5), add the following sentence: "This application is 
accompanied by a petition for waiver of§ 4.91 (f) (5), submitted pursuant to 18 CFR § 1.7(b).") 
(3) Exhibit A. Exhibit A must describe the small conduit hydroelectric facility and proposed mode of operation 
with appropriate references to Exhibits Band G. To the extent feasible the information in this exhibit may be submitted 
in tabular form. The following information must be included: 
(i) A brief description of any conduits and associated consumptive water supply facilities, intake facilities, power-
houses, and any other structures associated with the facility. 
(ii) The proximate natural sources of water that supply the related conduit. 
(iii) The purposes for which the conduit is used. 
(iv) The number of generating units, including auxiliary units, the capacity of each unit, and provisions, if any, for 
future units. 
(v) The type of each hydraulic turbine. 
(vi) A description of how the plant is to be operated, manually or automatically, and whether the plant is to be used 
for peaking. 
(vii) Estimations of: 
(A) the average annual generation in kilowatt hours; 
(B) the average head of the plant; 
(C) the hydraulic capacity of the plant (flow through the plant) in cubic feet per second; 
(D) the average flow of the conduit at the plant or point of diversion; and 
(E) the average amount of the flow described in clause (D) available for power generation. 
(viii) The planned date for beginning construction of the facility. 
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(ix) If the hydroelectric facility discharges directly into a natural body of water and a petition for waiver of 
§ 4.91 (f) (5) has not been submitted, evidence that a quantity of water equal to or greater than the quantity discharged 
from the hydroelectric facility is withdrawn from that water body downstream into a conduit that is part of the same 
water supply system as the conduit on which the hydroelectric facility is located. 
(x) If the hydroelectric facility discharges directly to a point of agricultural, municipal, or industrial consumption, a 
description of the nature and location of that point of consumption. 
(xi) A description of the nature and extent of any construction of a dam that would occur in association with 
construction of the proposed small conduit hydroelectric facility, including a statement of the normal maximum surface 
area and normal maximum surface elevation of any existing impoundment before and after that construction; and any 
evidence that the construction would occur for agricultural, municipal, or industrial consumptive purposes even if 
hydroelectric generating facilities were not installed. 
(4) Exhibit B. Exhibit B is a general location map that must show the following information: 
(i) the physical structures of the small conduit hydroelectric facility in relation to the conduit and any dam to which 
any of these structures is attached: 
(ii) a proposed boundary for the small conduit hydroelectric facility, by indicating distances from the facility's 
structures; and 
(iii) the ownership of the parcels of land within the proposed boundary for the small conduit hydroelectric facility. 
(5) Exhibit E. This exhibit is an environmental report that must include the following information, commensurate 
with the scope and environmental impact of the facility's construction and operation: 
( i) A description of the environmental setting in the vicinity of the facility, including vegetative cover, fish and wildlife 
resources, water quality and quantity, land and water uses, recreational use, socio-economic conditions, historical and 
archeological resources, and visual resources. The report must give special attention to endangered or threatened plant 
and animal species, critical habitats, and sites eligible for or included on the National Register of Historic Places. The 
applicant may obtain assistance in the preparation of this information from State natural resources agencies, the State 
historic preservation officer, and from local offices of federal natural resources agencies. 
( ii) A description of the expected environmental impacts resulting from the continued operation of an existing small 
conduit hydroelectric facility, or from the construction and operation of a proposed small conduit hydroelectric facility, 
including a discussion of the specific measures proposed by the applicant and others to protect and enhance environ-
mental resources and to mitigate adverse impacts of the facility on them. 
(iii) A description of alternative means of obtaining an amount of power equivalent to that provided by the proposed 
or existing facility. 
(iv) Documentary evidence that the applicant consulted with fish and wildlife agencies before filing, including any 
terms or conditions of exemption that those agencies have determined are appropriate to prevent loss of, or damage 
to, fish or wildlife resources or otherwise to carry out the provisions of the Fish and Wildlife Coordination Act. If any 
fish or wildlife agency fails to provide the applicant with timely documentation of the consultation process, the applicant 
may submit a summary of the consultation and any determination of the agency. 
( v) Any additional information the applicant considers important. 
(6) Exhibit G. Exhibit G is a set of drawings showing the structures and equipment of the small conduit hydroelec-
tric facility. The drawings must include plan, elevation, profile, and section views of the power plant and any other 
principal facility structure and of any dam to which a facility structure is attached. Each drawing must be an ink drawing 
or a drawing of similar quality on a sheet no smaller than eight and one-half inches by eleven inches, with a scale no 
smaller than one inch equals 50 feet for plans and profiles and one inch equals 10 feet for sections. Generating and 
auxiliary equipment must be clearly and simply depicted and described. For purposes of this subpart, these drawing 
specifications replace those required in § 4.32 of the Commission's regulations. 
§ 4.93 Adion of exemption applications. 
(a) ( 1 ) Except in the case of paragraph (a) ( 2), an application for exemption for a small conduit hydroelectric facility 
will be processed in accordance with paragraphs (c) through (g) of § 4.31 of this part, except that notice will be 
published only once in a daily or weekly newspaper of general circulation in each county in which the facility is or will 
be located. The additional time that may be allowed under paragraph (d) of§ 4.31 for correcting deficiencies in an 
application for exemption may not exceed 45 days. 
(2) An application for exemption which does not meet the eligibility requirements of § 4.91 (f) (5) will not be 
accepted for filing until the waiver is granted. 
(b) The Commission may order a hearing on an application for exemption either on its own motion or on the motion 
of any party in interest. Any hearing shall be limited to the issues prescribed by order of the Commission. 
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(c) The Commission will circulate a notice of application for exemption to interested agencies at the time the 
applicant is notified that the application is accepted for filing. Fish and wildlife agencies will also receive copies of the 
application. If a particular agency does not comment within 45 days from the issuance of the notice, that agency will 
be presumed to have no objection to the exemption requested. A fish and wildlife agency that does not comment within 
that time will also be presumed to have determined that no terms or conditions of exemption are necessary to prevent 
loss of, or damage to, fish or wildlife resources or otherwise to carry out the provisions of the Fish and Wildlife 
Coordination Act, except those terms or conditions that may be included in Exhibit E (§ 4.92(c) (5)) of the application 
for exemption. 
(d) If the Commission has not taken one of the actions set forth in paragraph (e) of this section within 90 days after 
notifying the applicant that its application for exemption is accepted for filing, then at the expiration of that period the 
application will be considered granted as requested, on the standard terms and conditions set forth in § 4.94. 
(e) Within 90 days after notifying an applicant for exemption that its application is accepted for filing, the Commission 
may take any of these affirmative actions: 
( 1 ) grant the exemption as requested; 
(2) grant an exemption from provisions of Part I of the Federal Power Act (and the regulations issued under those 
provisions) other than those for which exemption was requested, upon finding that modification of the exemption 
requested is necessary or desirable to carry out the purposes of Part I; 
( 3) deny exemption if the granting of the exemption would be inconsistent with the provisions of Part I of the Federal 
Power Act or is otherwise inconsistent with the public interests; or 
(4) suspend the 90-day period for action under paragraphs (e) ( 1) through (3) of this section, upon finding that 
additional time is necessary for gathering additional information, conducting additional proceedings, or deliberating on 
the issues raised by the application. 
(f) In granting an exemption the Commission may prescribe terms or conditions in addition for those set forth in 
§ 4.94, in order to: 
(1) protect the quality or quantity of the related water supply for agricultural, municipal, or industrial consumption; 
(2) otherwise protect life, health, or property; 
(3) avoid or mitigate adverse environmental impact; or 
(4) conserve, develop, or utilize in the public interest the water power resources of the region. 
(g) Conversion to license application. 
( 1) If an application for exemption under this subpart is denied by the Commission, the applicant may convert the 
exemption application into an application for license for the hydroelectric project. 
(2) The applicant must provide the Commission with written notification, within 30 days after the date of issuance 
of the order denying exemption, that it intends to convert the exemption application into a license application. The 
applicant must submit to the Commission, no later than 90 days after the date of issuance of the order denying exemption, 
additional information that is necessary to conform the exemption application to the relevant regulations for a license 
application. 
(3) If all the information timely submitted is found sufficient, together with the application for exemption, to conform 
to the relevant regulations for a license application, the converted application will be considered "accepted for filing" 
as of the date that the exemption application was accepted for filing. 
§ 4.94 Standard terms and conditions of exemption. Any exemption granted under § 4.93 for a small conduit 
hydroelectric facility is subject to the following standard terms and conditions: 
(a) Article 1. The· Commission reserves the right to conduct investigations under sections 4 (g), 306, 307 and 311 
of the Federal Power Act with respect to any acts, complaints, facts, conditions, practices, or other matters related to 
the construction, operation, or maintenance of the exempt facility. If any term or condition of the exemption is violated, 
the Commission may revoke the exemption, issue a suitable order under section 4 (g) of the Federal Power Act, or take 
appropriate action for enforcement, forfeiture, or penalties under Part Ill of the Federal Power Act. 
(b) Article 2. The construction, operation, and maintenance of the exempt facility must comply with any terms 
and conditions that any Federal or State fish and wildlife agencies have determined are appropriate to prevent loss of, 
or damage to, fish or wildlife resources or otherwise to carry out the purposes of the Fish and Wildlife Coordination 
Act. 
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SUBPART K 
EXEMPTION OF SMALL HYDROELECTRIC 
POWER PROJECTS OF 5 MEGAWATTS OR LESS 
Sec. 
4.101 Purpose. 
4.102 Definitions. 
4.103 General provisions. 
4.104 Relationships among applications, exemptions, permits, and licenses. 
4.1 OS Action on exemption applications. 
4.106 Standard terms and conditions of exemption from licensing. 
4.107 Contents of application for exemption from licensing. 
4.108 Contents of application for exemption from provisions other than licensing. 
Part 4 is amended by adding Subpart K to read as follows: 
SUBPART K 
EXEMPTION OF SMALL HYDROELECTRIC 
POWER PROJECTS OF 5 MEGAWATTS OR LESS 
§ 4.101 Purpose. This subpart provides a procedure for obtaining exemption on a case-by-case basis from 
all or part of Part I of the Federal Power Act (Act), including licensing, for certain small hydroelectric power 
projects. 
§ 4.102 Definitions. 
For purposes of this subpart 
(a) "Dam" means any structure for impounding water, including any diversion structure that is designed to 
obstruct all or substantially all of the flow of a natural body of water. 
(b) "Existing dam" means any dam, the construction of which was completed on or before April20, 1977, 
and which does not require any construction or enlargement of impoundment structures (other than repairs 
or reconstruction) in connection with the installation of any small hydroelectric power project. 
(c) "Fish and wildlife agencies" means the U.S. Fish and Wildlife Service, the National Marine Fisheries 
Service if anadromous or estuarine fish may be affected, and any state agency with administrative authority over 
fish or wildlife resources of the state or states in which the small hydroelectric power project is or will be located. 
(d) "Federal lands" means any lands to which the United States holds fee title. 
(e) "Non-Federal lands" means any lands other than Federal lands. 
(f) "Real property interests" includes ownership in fee, right-of-way, easement, or leasehold. 
(g) "Licensed water power project" means a project, as defined in section 3 ( 11) of the Act, that is licensed 
under Part I of the Act 
(h) "Project" means: ( 1) the impoundment and any associated dam, intake, water cenveyance facility, 
power plant, primary transmission line, and other appurtenant facility, if a lake or similar natural impoundment 
or a man-made impoundment is used for power generation; or 
(2) any diversion structure other than a dam and any associated water conveyance facility, power plant, 
primary transmission line, and other appurtenant facility, if a natural water feature other than a lake or similar 
natural impoundment is used for power generation. 
(i) "Person" means any individual and, as defined in section 3 of the Act, any corporation, municipality, 
or state. 
(j) "Qualified exemption applicant" means any person who meets the requirements specified in 
§ 4.103 (b) ( 2) with respect to a small hydroelectric power project for which exemption from licensing is sought. 
(k) "Qualified license applicant" means any person to whom the Commission may issue a license, as 
specified in section 4(e) of the Act. 
(I) ."Small hydroelectric power project" means any project in which capacity will be installed or increased 
after the date of application under this subpart and which will have a total installed capacity of not more than 
5 megawatts and which: 
( 1 ) would utilize for electric power generation the water power potential of an existing dam tht is not owned 
or operated by the United States or by any instrumentality of the Federal Government, including the Tennessee 
Valley Authority; or 
(2) would utilize a natural water feature for the generation of electricity, without the need for any dam or 
man-made impoundment. 
(m) "Install or increase" means to add new generating capacity at a site that has no existing generating units, 
to replace or rehabilitate an abandoned or unused existing generating unit, or to increase the generating capacity 
of any existing power plant by installing an additional generating unit or by rehabilitating an operable generating 
unit in a way that increases its rated electric power output. 
§ 4.103 General provisions. 
(a) Exemptible projects. Except as provided in paragraph (d), the Commission may exempt under this 
subpart any small hydroelectric power project from all or part of Part I of the Act, including licensing. 
(b) Who may apply. ( 1 ) Exemption from provisions other than licensing. Any qualified license applicant 
or licensee seeking amendment of license may apply for exemption of the related project from provisions of 
Part I of the Act other than licensing. 
(2) Exemption from licensing. (i) Only Federal lands involved If only rights to use or occupy Federal 
lands would be necessary to develop and operate the proposed small hydroelectric power project, any person 
may apply for exemption of that project from licensing. 
(ii) Some non-Federal lands involved If real property interests in any non-Federal lands would be neces-
sary to develop and operate the proposed small hydroelectric power project, any person who has all of the 
real property interests in non-Federal lands necessary to develop and operate that project, or an option to obtain 
those interests, may apply for exemption of that project from licensing. 
(c) Limitation for licensed water power project. The Commission will not accept for filing an application 
for exemption from licensing for any project that is only part of a licensed water power project. 
(d) Waiver. A qualified exemption applicant may petition under § 1.7 of this chapter for waiver of any 
specific provision of this subpart. The Commission may grant a waiver if consistent with section 408 of the 
Energy Security Act of 1980. 
§ 4.104 Relationships among applications, exemptions, permits, and licenses. 
For purposes of this subpart, the Commission will treat preliminary permit and license applications, prelimi-
nary permits, licenses, exemptions from licensing, and applications for exemption from licensing that are related 
to a small hydroelectric power project as follows: 
(a) Limitations on submission and acceptance of exemption applications. ( 1) Unexpired permit or license 
application. If there is an unexpired preliminary permit or license in effect for a project, the Commission will 
accept an application for exemption of that project from licensing only if the exemption applicant is the 
permittee or licensee. 
(2) Pending permit or license application. (i) Pending permit application. If a preliminary permit ap-
plication for a project has been accepted for filing, an application for exemption of that project from licensing, 
or a notice of intent to submit such an application, may be submitted not later than the last date for filing protests 
or petitions to intervene prescribed in the public notice issued for the permit application under§ 4.31 (c) (2) 
of this chapter. · 
(ii) Pending license application. (A) Submitted by permittee. If an accepted license application for a 
project was submitted by a permittee before the permit expired, the Commission will not accept an applicaton 
for exemption of that project from licensing submitted by a person other than the permittee. 
(B) Submitted by non-permittee other than qualified exemption applicant. Except as provided in clause 
(A), if the first accepted license application for a project was filed by a person other than a qualified exemption 
applicant, an application for exemption from licensing, or a notice of intent to submit such an application, may 
be submitted not later than the last date for filing protests or petitions to intervene prescribed in the public notice 
issued for that license application under § 4.31 (c) (2) of this chapter. 
(C) Submitted by qualified exemption applicant. If the first accepted license application for a project was 
filed by a qualified exemption applicant, the applicant may request that its license application be treated initially 
as an application for exemption from licensing by so notifying the Commission in writing and, unless only rights 
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to use or occupy Federal lands would be necessary to develop and operate the project, submitting documentary 
evidence showing that the applicant holds the real property interests required under § 4.103 (b) ( 2) ( ii). Such 
notice and documentation must be submitted not later than the last date for filing protests and petitions to 
intervene prescribed in the public notice issued for the license application under§ 4.31 (c) (2) of this chapter. 
(b) Priority of exemption applicant's earlier permit or application. Any accepted preliminary permit or 
license application submitted by a person who later applies for exemption of the project from licensing under 
paragraph (a) (2) (i) or (ii) (C) will retain its validity and priority under Subpart D of this part until the 
preliminary permit or license application is withdrawn or the project is exempted from licensing under this 
subpart. 
(c) Limitations on submission and acceptance of permit or license applications. ( 1 ) General rule. Except 
as permitted under subparagraph (2) or under§ 4.106(c) or (e), the Commission will not accept preliminary 
permit or license application for any small hydroelectric power project if: 
( i) that project is exempt from licensing, under this subpart; or 
( ii) the Commission has accepted an application for exemption of that project from licensing and the 
application has not yet been granted or denied. 
(2) Exemptions. (i) If the Commission has accepted an application for exemption of a project from 
licensing, any qualified license applicant may submit a competing license application that proposes to develop 
at least 7.5 megawatts in that project, or a notice of intent to file such a license application, not later than the 
last date for filing protests or petitions to intervene prescribed in the public notice of the application for 
exemption from licensing issued under § 4.31 (c) (2) of this chapter. 
(ii) If a project is exempted from licensing and real property interests in any non-Federal lands would be 
necessary to develop and operate the project, any person who is a qualified license applicant and has any of 
those real property interests in non-Federal lands may submit a license application for that project. 
(iii) If the Commission has accepted an application for exemption of a project from licensing and the 
application has not yet been granted or denied, the applicant for exemption may submit a license application 
for that project if it is a qualified license applicant. The pending application for exemption from licensing will 
be considered withdrawn as of the date that the Commission accepts the license application for filing. 
(iv) If a license application submitted under clause (ii) or (iii) has been accepted for filing, any qualified 
license applicant may submit a competing license application in accordance with § 4.33 of this part. 
(d) Requirements for notices of intent and competing applications. ( 1 ) Competing exemption applications 
and notices of intent. ( i) Any notice of intent to file an application for exemption from licensing submitted 
under paragraph (a) (2) (i) or (ii) (B) must conform to the requirements of§ 4.33(b) of this chapter. 
(ii) If a notice of intent is submitted under paragraph (a) (2) (i) or (ii) (B), the application for exemption 
from licensing must be submitted not later than 120 days after the last date for filing protests and petitions to 
intervene prescribed in the public notice issued for the permit or license application under§ 4.31 (c) (2) of this 
chapter. 
(iii) Any notice of intent or application for exemption from licensing submitted under paragraph (a) (2) (i) 
or (ii) (B) must be accompanied by proof of service of a copy of the notice of intent or exemption application 
on the permit or license applicant. 
(2) Competing license applications and notices of intent. 
( i) Any notice of intent to file a license application submitted under paragraph (c) ( 2) ( i) must conform to 
the requirements of§ 4.33(b) of this chapter and specify the capacity that the applicant proposes to install in 
the project. 
(ii) If a notice of intent is submitted under paragraph (c) (2) (i), the license application must be submitted 
not later than 120 days after the last date for filing protests and petitions to intervene prescribed in the public 
notice issued for the exemption application under § 4.31 (c) (2) of this chapter. 
(iii) Any notice of intent or application for license submitted under paragraph (c) ( 2) ( i) must be accom-
panied by proof of service of a copy of the notice or application on the exemption applicant. 
(e) Disposition of competing applications. (1) Exemption v. permit. If an accepted application for a 
preliminary permit and an accepted application for exemption from licensing propose to develop mutually 
exclusive small hydroelectric power projects, the Commission will favor the application for exemption. 
(2) Exemption v. license. If an application for a license and an application for exemption from licensing 
are each accepted for filing and each propose to develop a mutually exclusive project, the Commission will 
favor the application first filed, unless the Commission determines the plans of the subsequent applicant would 
better develop the water power potential of the affected water resources. 
§ 4.1 OS Action on exemption applications. 
(a) Exemption from provisions other than licensing. An application for exemption of a small hydroelectric 
power project from provisions of Part I of the Act other than the licensing requirement will be processed and 
considered as part of the related application for license or amendment of license. 
(b) Exemption from licensing. (1) General Procedure. An application for exemption of a small hydro-
electric power project from licensing will be processed in accordance with paragraphs (c) through (g) of§ 4.31 
of this part, except that notice will be published only once in a daily or weekly newspaper of general circulation 
in each county in which the project is or will be located. The additional time that may be allowed under 
§ 4.31 (d) of this part for correcting deficiencies in an application for exemption may not exceed 45 days. 
(2) Hearing. The Commission may order a hearing on an application for exemption from licensing either 
on its own motion or on the motion of any party in interest. Any hearing shall be limited to the issues prescribed 
by order of the Commission. 
( 3) Consultation. The Commission will circulate a notice of application for exemption from licensing to 
interested agencies at the time the applicant is notified that the application is accepted for filing. If a particular 
agency does not comment within 60 days from the date of issuance of the notice, that agency will be presumed 
to have no comment on or objection to the exemption requested. Any comments submitted by a fish or wildlife 
agency must include any specific terms or conditions that the agency has determined are necessary to prevent 
loss of, or damage to, fish or wildlife resources or otherwise to carry out the provisions of the Fish and Wildlife 
Coordination Act, except those terms or conditions that may be included in Exhibit E of the application for 
exemption submitted under§ 4.107(e). Any fish or wildlife agency that does not comment within the 60-day 
period will be presumed to have determined that no terms or conditions of exemption are necessary for the 
above purposes, except the terms and conditions included in Exhibit E of the exemption application. 
(4) Automatic exemption. If the Commission has not taken one of the actions set forth in subparagraph 
( 5) within 120 days after notifying the applicant that its application for exemption from licensing is accepted 
for filing, exemption of the project, as proposed, will be deemed to be found consistent with the public interest 
and granted, on the standard terms and conditions set forth in § 4.1 06. 
(5) Affirmative action on exemption. Within 120 days after notifying an applicant that its application for 
exemption from licensing is accepted for filing, the Commission may take any of these affirmative actions: 
( i) grant the exemption as requested; 
(ii) grant an exemption from provisions of Part I of the Federal Power Act (and the regulations issued under 
those provisions) other than those for which exemption was requested, upon finding that modification of the 
exemption requested is in the public interest; 
(iii) deny exemption if granting the exemption would be inconsistent with the public interest; or 
(iv) suspend the 120-day period for action under this paragraph, upon finding that additional time is 
necessary for gathering additional information, conducting additional proceedings, or deliberating on the issues 
raised by the application. 
(6) Non-standard terms and conditions. In granting an exemption from licensing, the Commission may 
prescribe terms or conditions in addition to those set forth in § 4.106 in order to: 
(i) protect the quality or quantity of the related water supply; 
(ii) otherwise protect life, health, or property; 
(iii) avoid or mitigate adverse environmental impact; or 
(iv) better conserve, develop, or utilize in the public interest the water resources of the region. 
§ 4.106 Standard terms and conditions of exemption from licensing. 
Any exemption from licensing granted under this supbart for a small hydroelectric power project is subject 
to the following standard terms and conditions: 
(a) Article 1. The Commission reserves the right to conduct investigations under sections 4(g), 306, 307, 
and 311 of the Federal Power Act with respect to any acts, complaints, facts, conditions, practices, or other 
matters related to the construction, operation, or maintenance of the exempt project. If any term or condition 
of the exemption is violated, the Commission may revoke the exemption, issue a suitable order under section 
4(g) of the Federal Power Act, or take appropriate action for enforcement, forfeiture, or penalties under Part 
Ill of the Federal Power Act. 
(b) Article 2. The construction, operation, and maintenance of the exempt project must comply with any 
terms and conditions that any Federal or state fish and wildlife agencies have determined are appropriate to 
prevent loss of, or damage to, fish or wildlife resources or otherwise to carry out the purposes of the Fish and 
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Wildlife Coordination Act, as specified in Exhibit E of the application for exemption from licensing or in the 
comments submitted in response to the notice of the exemption application. 
(c) Article 3. The Commission may accept a license application by any qualified license applicant and 
revoke this exemption if actual construction or development of any proposed generating facilities has not begun 
within 18 months, or been completed within four years, from the date on which this exemption was granted. 
If an exemption is revoked, the Commission will not accept a subsequent application for exemption within two 
years of the revocation. 
(d) Article 4. This exemption is subject to the navigation servitude of the United States if the project is 
located on navigable waters of the United States. 
(e) Article 5. This exemption does not confer any right to use or occupy any Federal lands that may be 
necessary for the development or operation of the project. Any right to use or occupy any Federal lands for 
those purposes must be obtained from the administering Federal land agencies. The Commission may accept 
a license application by any qualified license applicant and revoke this exemption, if any necessary right to use 
or occupy Federal lands for those purposes has not been obtained within one year from the date on which 
this exemption was granted. 
§ 4.107 Contents of application for exemption from licensing. 
(a) General requirements. ( 1) An application for exemption from licensing submitted under this subpart 
must contain the introductory statement and exhibits described in this section and, if the project structures 
would use or occupy any lands other than Federal lands, an appendix containing documentary evidence 
showing that the applicant has the real property interests required under§ 4.103(b) (2) (ii) of this subpart. An 
application for exemption from licensing must conform to the requirements set forth in§§ 1.5 and 1.14 through 
1.17 of this chapter. 
(2) An original and fourteen copies of the exemption application must be submitted to the Secretary of the 
Commission, and a copy must be served at the same time on the Commission's regional engineer for the region 
in which the project is located and on each of the consulted fish and wildlife agencies. Full-sized prints of all 
required maps and drawings must be filed with the application. Maps and drawings need not conform to the 
requirements of § 4.32 of this part, but must be of sufficient size, scale, and quality to permit easy reading and 
understanding. The Commission will request original drawings (microfilm) when it notifies the applicant that 
the application is accepted. 
(b) Introductory statment. The application must include an introductory statement that conforms to the 
following format: 
BEFORE THE FEDERAL ENERGY REGULATORY COMMISSION 
APPLICATION FOR EXEMPTION OF 
SMALL HYDROELECTRIC POWER PROJECT 
FROM LICENSING 
( 1) [Name of applicant] applies to the Federal Energy Regulatory Commission for an exemption for [name 
of project], a small hydroelectric power project that is proposed to have an installed capacity of 5 megawatts 
or less, from licensuring under the Federal Power Act. [If applicable: The project is currently licensed as FERC 
Project No. --·1 
(2) The location of the project is: 
[State or territory] 
[County] 
[Township or nearby town] 
[Stream or body of water] 
( 3) The exact name and business address of each applicant are: 
(4) The exact name and business address of each person authorized to act as agent for the applicant in this 
application are: 
(5) [Name of applicant] is [specify, as appropriate: a citizen of the United States or other identified nation; 
an association of citizens of the United States or other identified nation; a municipality; a state; or a corporation 
incorporated under the laws of (specify the United States or the state or nation of incorporation, as appropri-
ate)]. 
(c) Exhibit A. Exhibit A must describe the small hydroelectric power project and its proposed mode of 
operation. To the extent feasible, the information in this exhibit may be submitted in tabular form. The applicant 
must submit the following information: 
( 1) A brief description of any existing dam and impoundment proposed to be utilized by the small hydroelec-
tric power project and any other existing or proposed project works and appurtenant facilities, including intake 
facilities, diversion structures, powerhouses, primary transmission lines, penstocks, pipelines, spillways, and 
other structures, and the sizes, capacities, and construction materials of those structures. 
(2) The number of existing and proposed generating units at the project, including auxiliary units, the 
capacity of each unit, any provisions for future units, and a brief description of any plans for retirement or 
rehabilitation of existing generating units. 
(3) The type of each hydraulic turbine of the small hydroelectric power project. 
(4) A description of how the power plant is to be operated, that is, run-of-river or peaking. 
( 5) A graph showing a flow duration curve for the project or, if flow data are not available from United States 
Geological Survey records, the estimated average annual stream flow in cubic feet per second. 
(6) Estimations of: 
( i) the average annual generation in kilowatt-hours; 
( ii) the average and design head of the power plant; 
(iii) the hydraulic capacity of each turbine of the power plant (flow through the plant) in cubic feet per 
second; 
(iv) the number of surface acres of the man-made or natural impoundment used, if any, at its normal 
maximum surface elevation and its net and gross storage capacities in acre-feet. 
(7) The planned date for beginning and completing the proposed construction or development of generating 
facilities. 
(8) A description of the nature and extent of any repair, reconstruction, or other modification of a dam that 
would occur in association with construction or development of the propo~ed small hydroelectric power 
project, including a statement of the normal maximum surface area and normal maximum surface elevation 
of any existing impoundment before and after construction. 
(d) Exhibit B. Exhibit B is a general location map, which may be prepared on United States Geological 
Survey topographic quadrangle sheets or similar topographic maps of a state agency, enlarged, if necessary, 
to show clearly and legibly all of the information required by this paragraph. The map must show the following 
information: 
( 1 ) The location of the existing and proposed physical structures of the small hydroelectric power project, 
including any dam or diversion structure, reservoir or i91poundment, penstocks, pipelines, power plants, access 
roads, transmission lines, and other important features. 
(2) The relationship of the project structures to the stream or other body of water on which the project is 
located and to the nearest town or other permanent objects that can be readily recognized in the field. 
(3) A description of who owns or otherwise has real property interests in any tract of land occupied by the 
small hydroelectric power project or the structures to which it is directly connected. 
(e) Exhibit E. This exhibit is an environmental report that must include the following information, commen-
surate with the scope and environmental impact of the construction and operation of the small hydroelectric 
power project: 
( 1 ) A description of the environmental setting of the project, including vegetative cover, fish and wildlife 
resources, water quality and quantity, land and water uses, recreational uses, historical and archeological 
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resources, and scenic and aesthetic resources. The report must list any endangered or threatened plant and 
animal species, any critical habitats, and any sites eligible for or included on the National Register of Historic 
Places. The applicant may obtain assistance in the preparation of this information from state natural resources 
agencies, the state historic preservation officer, and from local offices of Federal natural resources agencies. 
(2) A description of the expected environmental impacts from the proposed construction or development 
and the proposed operation of the small hydroelectric power project, including any impacts from any proposed 
changes in the capacity and mode of operation of the project if it is already generating electric power, and an 
explanation of the specific measures proposed by the applicant, the agencies consulted, and others to protect 
and enhance environmental resources and values and to mitigate adverse impacts of the project on such 
resources. 
(3) Letters or other documentation showing that the applicant consulted or attempted to consult with each 
of the relevant fish and wildlife agencies (specify each agency) before filing the application, including any terms 
or conditions of exemption that those agencies have determined are appropriate to prevent loss of, or damage 
to, fish or wildlife resources or otherwise to carry out the provisions of the Fish and Wildlife Coordination Act. 
If any fish or wildlife agency fails to provide the applicant with documentation of the censultation process within 
a reasonable time, in no case less than 30 days after documentation is requested,. the applicant may submit a 
summary of the consultation and any determinations of the agency. Any exemption application that does not 
contain the information required in this subparagraph will be considered patently deficient and be rejected 
pursuant to§ 4.31 (d) of this part. The applicant may obtain a list of fish and wildlife agencies from the Director 
of the Division of Hydropower Licensing or any Regional Engineer. 
(4) Any additional information the applicant considers important. 
(f) Exhibit G. Exhibit G is a set of drawings showing the structures and equipment, that is, the proposed 
and existing project works, of the small hydroelectric power project. The drawings must include plan, elevation, 
and section views of the power plant, any existing dam or diversion structure, and any other principal structure 
of the project. 
§ 4.108 Contents of application for exemption from provisions other than licensing. 
An application for exemption of a small hydroelectric power project from provisions of Part I of the Act other 
than the licensing requirement need not be prepared according to any specific format, but must be included 
as an identified appendix to the related application for license or amendment of license. The application for 
exemption must list all sections or subsections of Part I of the Act for which exemption is requested. 
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SUBPART I 
APPLICATION FOR PRELIMINARY PERMIT; 
AMENDMENT AND CANCELLATION 
OF PRELIMINARY PERMIT 
§ 4.80 Applicability and purpose. 
Sections 4.80 through 4.83 pertain to preliminary permits under Part I of the Federal Power Act. The sole 
purpose of a preliminary permit is to secure priority of application for a license for a water power project under 
Part I of the Federal Power Act while the permittee obtains the data and performs the acts required to determine 
the feasibility of the project and to support an application for a license. 
§ 4.81 Contents of application. 
Each application for a preliminary permit must include the following initial statement and numbered exhibits 
containing the information and documents specified: 
(a) Initial statement: 
BEFORE THE 
FEDERAL ENERGY REGULATORY COMMISSION 
APPLICATION FOR PRELIMINARY PERMIT 
( 1 ) [Name of applicant] applies to the Federal Energy Regulatory Commission for a preliminary permit for 
the proposed [name of project] water power project, as described in the attached exhibits. This application is 
made in order that the applicant may secure and maintain priority of application for a license for the project 
under Part I of the Federal Power Act while obtaining the data and performing the acts required to determine 
the feasibility of the project and to support an application for a license. 
(2) The location of the proposed project is: 
State or territory 
County 
Township or nearby town 
Stream or other body of water 
(3) The exact name and business address of each applicant are: 
The exact name and business address of each person authorized to act as agent for the applicant in this 
application are: 
(4) [Name of applicant] is a [citizen, association of citizens, domestic corporation, municipality, or state, as 
appropriate]. 
(5) The proposed term of the requested permit is [period not to exceed 36 months]. 
(b) Exhibit 1 must contain a description of the proposed project, specifying and including, to the extent 
possible: 
( 1 ) the number, physical composition, dimensions, general configuration and, where applicable, age and 
condition, of any dams, spillways, penstocks, powerhouses, tailraces, or other structures, whether existing or 
proposed, that would be part of the project; 
(2) the estimated number, surface area, storage capacity, and normal maximum surface elevation (mean 
sea level) of any reservoirs, whether existing or proposed, that would be part of the project; 
(3) the estimated number, length, voltage, interconnections, and, where applicable, age and condition, of 
any primary transmission lines, whether existing or proposed, that would be part of the project [see 16 U.S.C. 
§ 796( 11 )]; 
( 4) the total estimated average annual energy production and the estimated number, rated capacity, and, 
where applicable, age and condition, of any turbines or generators, whether existing or proposed, that would 
be part of the project; 
(5) all lands of the United States that are enclosed within the proposed project boundary described under 
paragraph (e) ( 3) of this section, identified and tabulated on a separate sheet by legal subdivisions of a public 
land survey of the affected area, if available; and 
(6) any other information demonstrating in what manner the proposed project would develop, conserve, 
and utilize in the public interest the water resources of the region. 
(c) Exhibit 2 is a description of studies conducted or to be conducted with respect to the proposed project, 
including field studies. Exhibit 2 must supply the following information: 
( 1 ) General requirement. For any proposed project, a study plan containing a description of: 
(i) any studies, investigations, tests, or surveys that are proposed to be carried out, and any that have already 
taken place, for the purposes of determining the technical, economic, and financial feasibility of the proposed 
project, taking into consideration its environmental impacts, and of preparing an application for a license for 
the project; and 
(ii) the approximate locations and nature of any new roads that would be built for the purpose of conducting 
the studies; and 
(2) Work plan for new dam construction. For any development within the project that would entail new 
dam construction, a work plan and schedule containing: 
( i) a description, including the approximate location, of any field study, test, or other activity that may alter 
or disturb lands or waters in the vicinity of the proposed project, including floodplains and wetlands; measures 
that would be taken to minimize any such disturbance; and measures that would be taken to restore the altered 
or disturbed areas; and 
( ii) a proposed schedule (a chart or graph may be used), the total duration of which does not exceed the 
proposed term of the permit, showing the intervals at which the studies, investigations, tests, and surveys, 
identified under this paragraph are proposed to be completed. 
(iii) for purpose of this paragraph, "new dam construction" means any dam construction the studies for 
which would require test pits, borings, or other foundation exploration in the field . 
(3) Waiver. The Commission may waive the requirements of paragraph (c) (2) pursuant to§ 1.14(a) (2) 
of this chapter, upon a showing by the applicant that the field studies, tests, and other activities to be conducted 
under the permit would not adversely affect cultural resources or endangered species and would cause only 
minor alterations or disturbances of lands and waters, and that any land altered or disturbed would be 
adequately restored. 
(d) Exhibit 3 must contain a statement of costs and financing, specifying and including, to the extent possible: 
( 1 ) the estimated costs of carrying out or preparing the studies, investigations, tests, surveys, maps, plans 
or specifications identified under paragraph (c) of this section; 
( 2) the expected sources and extent of financing available to the applicant to carry out or prepare the studies, 
investigations, tests, surveys, maps, plans, or specifications identified under paragraph (c) of this section; and 
(3) a description of the proposed market for the power generated at the project, including the identity of 
the proposed purchaser or purchasers of the power, and any information that is available concerning the 
revenues to be derived from sale of the power. 
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(e) Exhibit 4 must include a map or series of maps, to be prepared on United States Geological Survey 
topographic quadrangle sheets or similar topographic maps of a state agency, if available. The maps need not 
conform to the precise specifications of§ 4.32(a) and (b). If the scale of any base map is not sufficient to show 
clearly and legibly all of the information required by this paragraph, the maps submitted must be enlarged to 
a scale that is adequate for that purpose. (If Exhibit 4 comprises a series of maps, it must also include an index 
sheet showing, by outline, the parts of the entire project covered by each map of the series.) The maps must 
show: 
( 1 ) the location of the project as a whole with reference to the affected stream or other body of water and, 
if possible, to a nearby town or any permanent monuments or objects that can be noted on the maps and 
recognized in the field; 
(2) the relative locations and physical interrelationships of the principal project features identified under 
paragraph (b) of this section; 
(3) a proposed boundary for the project, enclosing: 
(i) all of the principal project features identified under paragraph (b) of this section; 
( ii) any non-Federal lands and any public lands or reservations of the United States [see 16 U.S.C. § 796 ( 1 ) 
and (2)] necessary for the purposes of the project. To the extent that those public lands or reservations are 
covered by a public land survey, the project boundary must enclose each of and only the smallest legal 
subdivisions (quarter-quarter section, lots, or other subdivisions, identified on the map by subdivision) that may 
be occupied in whole or in part by the project. 
(4) areas within or in the vicinity of the proposed project boundary which are included in or "have been 
designated for study for inclusion in the National Wild and Scenic Rivers System; and · 
(5) areas within the project boundary that, under the provisions of the Wilderness Act, have been: 
( i) designated as wilderness area; 
( ii) recommended for designation as wilderness area; or 
(iii) designated as wilderness study area. 
§ 4.82 Amendments. 
(a) Any permittee may file an application for amendment of its permit, including any extension of the term 
of the permit that would not cause the total term to exceed three years. (Transfer of a permit is prohibited by 
section 5 of the Federal Power Act.) Each application for amendment of a permit must conform to§ 4.31 (a) ( 1) 
and any relevant requirements of§ 4.81 (b), (c), (d), and (e). 
(b) If an application for amendment of a preliminary permit requests any material change in the proposed 
project, public notice of the application will be issued as required in§ 4.31 (c) (2). 
§ 4.83 Cancellation and loss of priority. 
(a) The Commission may cancel a preliminary permit if the permittee fails to comply with the specific terms 
and conditions of the permit. The Commission may also cancel a permit for other good cause shown, after notice 
and opportunity for hearing. Cancellation of a permit will result in loss of the permittee's priority of application 
for a license for the proposed project. 
(b) Failure of a permittee to file an application for a license before the permit expires will result in loss of 
the permittee's priority of application for a license for the proposed project. 
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§ 131.6 APPLICATION FOR SHORT-FORM LICENSE (MINOR) 
1. Applicant's full name and address:--------------------------
(Zip Code) 
2. Location of Project: 
State: County:-------------------
Nearest town: Water body: ________________ _ 
3. Project description and proposed mode of operation (reference to Exhibits K and L, as appropriate): 
(continue on separate sheet, if necessary) 
4. Lands of the United States affected (shown on Exhibit K) (Name) (Acres) 
a. National Forest------------------------
b. Indian Reservation 
c. Public Lands Under Jurisdiction of ________________ _ 
d. Other ________________________________ __ 
e. Total U.S. Lands 
f. Check appropriate box: 
0 Surveyed 0 Unsurveyed land in public-land state: 
( 1 ) If surveyed land in public-land state provide the following: 
Sections and subdivisions: 
Range Township: 
Principal base and meridian: 
(2) If unsurveyed or not in public-land state, see Item 8 of instructions: 
5. Purposes of project (use of power output, etc.)-------------------------
6. Construction of the project is planned to start it will be completed within __ - months from the date 
of issuance of license. 
7. List here and attach copies of State water permits or other permits obtained authorizing the use or diversion of water, 
or authorizing (check appropriate box): 
0 the construction, operation, and maintenance 
0 the operation and maintenance 
of the proposed project. 
8. Attach an environmental report prepared in accordance with the requirements set forth in the Instructions for 
Completing Application for Short-Form License (Minor), below. 
9. Attach Exhibits K and L drawings. 
10. State of 
County of ss: 
, 
being duly sworn, depose(s) and say(s) that the contents of this application are true to the best of ___ knowledge 
or belief and that (check appropriate box) 
0 is (are) a citizen(s) of the United States 
0 all members of the association are citizens of the United States 
0 is (are) the duly appointed agent(s) of the state (municipality) (corporation) (association) 
and has (have) signed this application this __ day of , 19 __ , 
(Applicant ( s) ) 
By _____________________________________ __ 
Subscribed and sworn to before me, a Notary Public of the State of , this __ day of 
/SEAL/ 
(Notary Public) 
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1. Section 3.114 is amended by revising paragraph (b) to read: 
§ 3.114 Licenses 
* * * 
(b) Applications under the Federal Power Act for license authorizing construction of projects; for license for 
constructed projects; and for renewal of licenses for projects are processed in the manner stated in § 3.113. 
2. Part 4 is amended by revising § 4.60 to read: 
§ 4.60 Contents 
* * * 
Each application for a short-form license (minor) for a water power project having installed capacity of 2,000 
horsepower ( 1,500 kW) or less, whether constructed or to be constructed, shall conform to § 131.6 of this chapter and 
shall be filed in accordance with § 4.31 of this chapter. 
3. Part 16 is amended by revising § 16.12 to read: 
§ 16.12 Renewal of minor or minor part license or short-form license (minor) not subject to sections 14 and 
15 
A licensee whose minor or minor part license or short-form license (minor) is not subject to sections 14 and 15 of 
the Act and who wishes to continue operation of the project after the end of the license term shall file an application 
for a "new license" 1 year prior to the expiration of the original license in accordance with applicable provisions of 
Part 4 of this chapter. Each application for new license under this section shall conform to § 131.6 of this chapter, and 
shall set forth all information and exhibits prescribed in § 4.60 of this chapter. 
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GENERAL 
INSTRUCTIONS FOR COMPLETING APPLICATION 
FOR SHORT-FORM LICENSE (MINOR) 
1. This application may be used if the proposed or existing project will have or has a total generating capacity 
of not more than 1,500 kW ( 2,000 horsepower). Advice regarding the proper procedure for filing should be 
requested from the Federal Energy Regulatory Commission in Washington, D.C.; or from one of the Commis-
sion's Regional Offices in Atlanta, Chicago, Fort Worth, New York, or San Francisco. 
2. This application is to be completed and filed in an original and nine copies with the Federal Energy 
Regulatory Commission, 825 N. Capitol Street, N.E., Washington, D.C. 20426. Each of the original and the nine 
copies of the application is to be accompanied by: 
a. One copy each of Exhibits K and L described below. 
b. One copy each of a state water quality certificate pursuant to Section 401 of the Federal Water Pollution 
Control Act (or evidence that this certificate is not needed), and any water rights certificate or similar 
evidence required by state law relating to use or diversion of water. In lieu of submitting a copy of a Section 
401 certificate (or other certificate), evidence that applications for these certificates have been filed with 
appropriate agencies, or that such certificates are not necessary, will be adequate to begin FERC processing 
of the application. 
c. One copy each of any other state approvals necessary. (Applicant should contact the state natural 
resources department or equivalent to ascertain whether any such approvals are necessary.) 
d. One copy of Applicant's environmental report, described below. 
3. Applicant is required to consult with appropriate Federal, State, and local resources agencies during the 
preparation of the application and provide interested agencies with the opportunity to comment on the proposal 
prior to its filing with the Commission. The comments of such agencies must be attached to the application when 
filed. A list of agencies to be consulted can be obtained from the Commission's main office or the appropriate 
regional office. 
4. No work may be started on the project until receipt of a signed license from the Commission. The 
application itself does not authorize entry upon Federal land for any purpose. If the project is located in part 
or in whole upon Federal land, the Applicant should contact the appropriate land management agency regarding 
the need to obtain a right-of-way permit. As noted above, other state or Federal permits may be required. 
5. An applicant must be: a citizen or association of citizens of the United States; a corporation organized 
under the laws of the United States or a State; a State; or a municipality. 
(a) If the applicant is a natural person, include an affidavit of United States citizenship. 
(b) If the applicant is an association, include one verified copy of its articles of association. If there are no 
articles of association, that fact shall be stated over the signature of each member of the association. 
Also include a complete list of members and a statement of the citizenship of each in an affidavit by 
one of them. 
(c) If the applicant is a corporation, include one copy of the charter or certificate and articles of incorpora-
tion, with all the amendments, duly certified by the secretary of state of the State where organized, and 
one copy of the by-laws. If the project is located in a state other than that in which the corporation is 
organized, include a certificate from the secretary of state of the State in which the project is located 
showing compliance with the laws relating to foreign corporations. 
(d) If the applicant is a state, include a copy of the laws under the authority of which the application is made. 
(e) If the applicant is a municipality as defined in the Federal Power Act, include one copy of its charter 
or other organization papers, duly certified by the secretary of state of the State in which it is located, 
or other proper authority. Also include a copy of the State laws authorizing the operations contemplated 
by the application. 
Include a copy of all minutes, resolutions of stockholders or directors, or other representatives of the 
applicant, properly attested, authorizing the filing of the application. This information can be provided by a letter 
attached to the application. 
6. If the stream or water body is unnamed, give the name of the nearest named stream or water body to 
which it is tributary. 
7. The project description (application item 3) shall include, as appropriate: the number of generating units, 
including auxiliary units, the capacity of each unit, and provisions, if any, for future units; type of hydraulic 
turbine ( s); a description of how the plant is to be operated, manual or automatic, and whether the plant is to 
be used for peaking; estimated average annual generation in kilowatt-hours or mechanical energy equivalent; 
estimated average head on the plant; reservoir surface area in acres and, if known, the net and gross storage 
capacity; estimated hydraulic capacity of the plant (flow through the plant) in cubic feet per second; estimated 
average flow of the stream or water body at the plant or point of diversion; sizes, capacities, and construction 
materials, as appropriate, of pipelines, ditches, flumes, canals, intake facilities, powerhouses, dams, transmission 
lines, etc.; and estimated cost of the project. 
8. In the case of unsurveyed public land, or land not in a public-lands state, give the best legal description 
available. Include the distance and general direction from the nearest city or town, fixed monument, physical 
features, etc. 
9. Exhibits K and L shall be submitted on separate drawings. Drawings for Exhibits K and L shall have 
identifying title blocks and bear the following certification: "This drawing is a part of the application for license 
made by the undersigned this __ day of , 19 __ , 
" 
( Name of Applicant) 
10. The Commission reserves the right to require additional information, or another filing procedure, if data 
provided indicate such action to be appropriate. 
EXHIBIT K-PROJECT LANDS AND BOUNDARIES 
1. The Exhibit K is a planimetric map showing the portion of the stream developed, the location of all project 
works, and other important features, such as: the dam or diversion structure, reservoir pipeline, powerplant, 
access roads, transmission lines, project boundary, private land ownerships (clearly differentiate between fee 
ownership and land over which applicant only owns an easement), and Federal land boundaries and identifica-
tions. 
2. The map shall be an ink drawing or drawing of similar quality on a sheet not smaller than 8 inches by 1 0~ 
inches, drawn to a scale no smaller than one inch equals 1,000 feet. Ten legible prints shall be submitted with 
the application. Upon request after review of the application, the tracing must be submitted. 
3. The project boundary shall be drawn on the map so that the relationship of each project facility and 
reservoir to other property lines can be determined. The boundary shall enclose all project works, such as the 
dam, reservoir, pipelines, roads, powerhouse, and transmission lines. The boundary shall be set at the minimum 
feasible distance from project works necessary to allow operation and maintenance of the project and control 
of the shoreline and reservoir. The distance in feet from each principle facility to the boundary shall be shown. 
The project boundary should be a surveyed line with stated courses and distances. A tape-compass survey is 
acceptable. True north shall be indicated on the map. The area of Federal land in acres within the project 
boundary shall be shown. The appropriate Federal agency should be contacted for assistance in determining 
the Federal land acreage. For clarity, use inset sketches to a larger scale than that used for the overall map to 
show relationships of project works, natural features, and property lines. 
4. Show one or more ties by distance and bearing from a definite, identifiable point or points on project works 
or the project boundary to established corners of the public land survey or other survey monuments, if available. 
5. If the project affects unsurveyed Federal lands, the protraction of township and section lines shall be 
shown. Such protractions, whenever available, shall be those recognized by the agency of the United States 
having jurisdiction over the lands. On unsurveyed lands, show ties by distance and bearing to fixed recognizable 
objects. 
6. If the project uses both Federal and private lands, the detailed survey descriptions discussed above for 
the project boundary apply only to Federal lands. General location data and an approximate project boundary 
will normally suffice for project works on private lands. 
EXHIBIT L-PROJECT STRUCTURES AND EQUIPMENT 
1. The exhibit shall be a simple ink drawing or drawing of similar quality on a sheet no smaller than 8 inches 
by 10~ inches, drawn to a scale no smaller than one inch equals 50 feet for plans and profiles, and one inch 
equals 10 feet for sections. Ten legible prints shall be submitted with the application. Upon request after initial 
review of the application, tracings must be submitted. 
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2. The drawing shall show a plan, elevation, and section of the diversion structure and powerplant. Generat-
ing and auxiliary equipment proposed should be clearly and simply depicted and described. Include a north 
arrow on the plan view. 
ENVIRONMENTAL REPORT 
The environmental report should be consistent with the scope of the project and the environmental impacts 
of the proposed action; e.g., authorization to operate and maintain an existing project, or a project using an 
existing dam or other facility, would require less detailed information than authorization to construct a new 
project. The environmental report shall set forth in a clear and concise manner: 
( 1) A brief description of the project and the mode of operaton, i.e., run-of-river, peaking or other specific 
mode. 
( 2) A description of the environmental setting in and near the project area, to include vegetative cover, fish 
and wildlife resources, water quality and quantity, land and water uses, recreational use, socio-economic 
aspects, historical and archeological resources, and visual resources. Special attention shall be provided 
endangered and threatened plant and animal species, critical habitats, and sites eligible for or included 
on the National Register of Historic Places. Assistance in the preparation of this information may be 
obtained from state natural resources departments and from local offices of Federal natural resources 
agencies. 
(3) A description of the expected environmental impacts resulting from the continued operation of an 
existing project, or from the construction and operation of a new project or a project using an existing 
dam or other existing facility. Include a discussion of specific measures proposed by the Applicant and 
others to protect and enhance environmental resources and to mitigate adverse impacts of the project 
on the environmental resources and values, the cost of those measures, and the party undertaking to 
implement those measures if other than the Applicant. 
( 4) A description of alternative means of obtaining an amount of power equivalent to that provided by the 
project in the event that construction or continued operation of the project is not authorized. 
(5) A description of the steps taken by the Applicant in consulting with Federal, state, and local agencies 
during the preparation of the environmental report. Indicate which agencies have received the final 
report and provide copies of letters containing the comments of those agencies. 
STATE OF CALIFORNIA MINIMUM FILING FEE: $10.00 
FILE TWO COPIES 
TYPE OR PRINT IN INK 
State Water Resources Control Board 
DIVISION OF WATER RIGHTS 
77 Cadillac Drive, Sacramento, CA 95825 
APPLICATION to APPROPRIATE UNAPPROPRIA TEO WATER 
(For explanation of entries requ ired. see booklet "How to File an 
Application to Appropriate Unappropriated Water in California") 
Application No. filed at M. 
(Do NOT fill in the above blanks) 
1. APPLICANT 
I. 
(Name of Applicant) 
(Telephone Number where you may be reached 
between 8 a.m. and 5 p.m.-include area code) 
(Address) (City or Town) (State) (Zip Code) 
do hereby make application for a permit to appropriate the following described UNAPPROPRIATED 
waters of the State of California. SUBJECT TO VESTED RIGHTS 
2. SOURCE 
a. The name of the source at the point of diversion is _________________ _ 
(If unnamed. state nature of source and that it IS unnamed) 
tributary to 
b. In a normal year does the stream dry up at any point downstream from your project? 
YES 0 NO 0. If yes. in what months does it usually dry up? ___________ _ 
3. POINT of DIVERSION and REDIVERSION 
a. 
List all points giving coordinate distances 
from section corner or other tie as allowed 
by Board regulations 
Point is within 
(40-acre Subdivision) 
Y. of y. 
Y. of Y. 
Y. of Y. 
Base and 
Section Township Range Meridian 
b. The point of diversion will be in the County of------------------
c. Does applicant own the land at the point of diversion? YES D NOD 
d. If applicant does not own land at point of diversion. state name and address of owner and state 
what steps have been taken to obtain right of access: 
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4. PURPOSE of USE. AMOUNT and SEASON 
a. State the purpose (s) for which water is to be appropriated. the amounts of water for each 
purpose and dates between which diversions will be made in the table below. 
DIRECT DIVERSION STORAGE 
SEASON OF COLLECTION 
AMOUNT DIVERSION AMOUNT SEASON 
PURPOSE Cubic feet per Acre-feet Beginnmg Ending Acre-feet Beginning Endmg 
OF second or annually Date Date annually Date Date 
USE gallons per day 
Irrigation 
Domestic 
(TOTAL) (TOTAL) 
b. Total combined direct diversion and storage during any one year will be acre-feet. 
c. If water will be stored and the reservoir is not at the diversion point. the maximum rate of diversion 
to offstream storage will be cfs. 
Diversion to offstream storage will be made by pumping 0: gravity o. 
(Submit "Environmental Information" SWRCB Form 1-2 if project is NOT exempt from CEOA 
See Appendix D of the instructions. "How to File an Application to Appropriate Unappropri-
ated Water in California".) 
5. JUSTIFICATION OF AMOUNT 
a. IRRIGATION: Maximum acreage to be irrigated in any one year will be acres. 
NORMAL SEASON 
METHOD OF IRRIGATION ACRE-FEET 
I CROP ACRES (Sprinklers. flooding. etc.) (annually) Beginmng Date Endmg Date 
b. DOMESTIC: The number of residences to be served . Separately owned: YES 0 NOD 
The total number of people to be served-----· 
Estimated daily use per person __ -=-----,--,---
(gallons per day) 
The total area of domestic lawns and gardens --,---....,.--,--
(square feet) 
Miscellaneous domestic uses ----:-:=----,.--,---~-:---,....,..,--,--,-,----,-----:--,.--­(Dust control area. Number and kind of domestic an1mals. etc.) 
c. STOCKWATERING: Kind of stock . Maximum Number ____ _ 
Describe type of operation (feedlot. dairy. range. etc.) 
d. RECREATIONAL: Type of recreation---------------------
Private __ . Open to public without charge __ . Open to public admission charged __ . 
(Submit "Supplement to Application". form SWRCB 1-1. for justification of amount for uses not 
listed above.) 
(ATTACH SUPPLEMENTAL SHEETS HERE) 
6. DIVERSION WORKS 
a. Diversion will be by pumping from ----------~(s_u_m_p-. -o7.ff~se_t_w_e7.11-.c~h-a-n-ne~l-. r-e-se~rv-o~ir-. ~e~tc~. )---------
Pump discharge Horsepower ______ _ 
b. Diversion will be by gravity by means of . 
(pipe in unobstructed channel. pipe through dams. siphon. gate. etc.) 
c. Main conduit from diversion point to first lateral or offstream storage reservoir: 
CONDUIT MATERIAL CROSS SECTIONAL DIMENSION TOTAL LIFT OR FALL 
(Pipe or (Kind of pipe or (Pipe d1ameter or ditch depth LENGTH CAPACITY 
channel) channel lining) and top and bottom width) (feet) (feet) (+ or-) (estimated) 
d. The following applies to storage reservoirs: (For reservoirs having a capacity of 25 acre-feet or 
more. complete supplement from SWRCB 1-1). 
DAM RESERVOIR 
Name or number Height of dam from l Material of l Dam l Freeboard Dam Approximate l Approximate l Max. of reservoir. streambed to Length height above surface area when capacity water 
if any spillway level (ft.) construction (ft.) spillway crest (ft.) full (acres) (acre-feet) depth 
e. Estimated total cost of the diversion works proposed is 
(Give only cost of intake. or headworks. pumps. storage reservoirs. and main conduits.) 
7. PLACE OF USE 
a. Applicant owns the land where the water will be used: YES D NO D· Land is in joint 
ownership: YES D NO D· 
b. 
All joint owners should include their names as applicants and sign the application. If applicant 
does not own land where the water will be used. give name and address of owner and state 
what arrangements have been made with the owner. 
IF IRRIGA T/ON 
USE IS WITHIN BASE AND State Number Presently cultivated 
(40-acre Subdivision) SECTION TOWNSHIP RANGE MERIDIAN of Acres (Yes or No) 
Y. of Y. 
v. of Y. 
Y. of Y. 
Y. of y. 
Y. of y. 
Y. of Y. 
If area is unsurveyed. state the location as if lines of the public land survey were projected. If space 
does not permit listing all 40-acre tracts. include on another sheet or state sections. townships and 
ranges. and show detail on map. For public districts or other extremely large areas. see Page 16 of 
instruction booklet "How to File an Application to Appropriate Unappropriated Water in California". 
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8. COMPLETION SCHEDULE 
a. Proposed date of project commencement: ________ _ 
b. Estimated date of Project completion: _________ _ 
c. Estimated date of complete application of water to proposed use: ___________ _ 
d. If complete. date of completion: --------· 
9. GENERAL 
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a. What is the name of the post office most used by those living near the proposed point of 
diversion? 
b. Does any part of the place of use comprise a subdivision on file with the State Department of 
Real Estate? YES D NOD· If Yes. state name of subdivision 
If No. is subdivision of these lands contemplated? YES D NO D-
Is it planned to individually meter each service connection? YES D NOD· If Yes. when? 
c. Have you consulted the California Department of Fish and Game concerning this proposed 
project? YES D NO D· If yes. state the Department's opinion concerning the potential effects 
of your proposed project on fish and other wildlife and state measures required for mitigation 
If No. state the effects on fish and other wildlife you foresee as potentially arising from your 
proposed project. 
d. Please name other public agencies. if any. from which you have obtained or are required to obtain 
approvals regarding this project: 
e. Is reclaimed water available or do you expect such to be available in the near future which could 
be used in lieu of the water sought under this application? YES D NOD- If Yes. explain: __ 
f. Is it practical to reduce the amount applied for by reusing or reclaiming a portion of the water 
appropriated? YES D NO 0 
g. What are the names and addresses of diverters of water from the source of supply downstream 
from the proposed point of diversion? 
10. EXISTING WATER RIGHT 
Check the appropriate box below: 
A. D Applicant does not claim an existing right for the use of water sought by this application. 
B. D Applicant claims an existing right for use of water sought by this application but agrees NOT 
to exercise said right so long as a permit or license for such use remains in effect. 
C. D The water sought by this application is for additional water over that claimed under an 
existing right. 
Complete Table below if B or C is checked: 
Nature of Rights 
(riparian. appropriative. Year of Use made in recent years Season Source Location of 
purchased water. etc. First Use including amount. if known of Use Point of Diversion 
-
I 
11. AUTHORIZED AGENT (Optional) 
With respect to: D All matters concerning this water right application. O those matters designated 
as follows: ______________________________ _ 
Name ddress --------------
----------------~ip Code: ----------------
(Telephone No. of agent between 8 a.m. and 5 p.m.) 
is authorized to act on my behalf as my agent. 
12. SIGNATURE of APPLICANT 
I (we) declare under penalty of perjury that the above is true and correct to the best of my (our) 
knowledge and belief. 
Dated 19 __ , at 
If applicants are members of the 
same family (i.e .. husband. wife. 
mother. father. son. brother. 
. California 
Ms. Mr. 
Miss. Mrs.-----------------
(Signature of applicant) 
(Refer to Section 671 of the Board's regulations) 
sister. etc.) or reside at the same Ms .. Mr. 
address. please indicate their relationship: Miss. Mrs.-----------------
(Signature of applicant) 
(Refer to Section 671 of the Board's regulations) 
Additional information needed for preparation of this application may be found in the leaflet 
entitled "HOW TO FILE AN APPLICATION TO APPROPRIATE UNAPPROPRIATED WATER IN 
CALIFORNIA". If there is insufficient space for answers in this form. attach extra sheets. Please 
cross reference all remarks to the numbered paragraph to which they may refer. Send application 
in duplicate to the STATE WATER RESOURCES CONTROL BOARD. DIVISION OF WATER 
RIGHTS. 77 Cadillac Drive. Sacramento. CA 95825. with $10 minimum filing fee. 
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Excerpts from "How to File an Application to Appropriate Unappropriated Water in California" 
Article 5. Map Requirements 
673. General Requirements. (a) Two copies of a general project 
map of suitable scille on a sheet not larger than 28 inches by 40 inches 
or smaller than BY:~ inches by ll inches shall be filed in connection with 
each application. This map shall be neatly and accurately drawn and 
should show the location of the source or sources from which water is 
to be taken, all darns, main conduits, reservoirs and other facilities 
proposed to be used, the important streams and tributaries in the area 
involved, the place of use, and any other features necessary for ready 
identification of the rroject and understanding of its scope· and purpose. 
(b) The map shal show the lines of the public land survey by 40-acre 
subdivision, section and township if the area is sectionized. If the area 
is not secticmized the nearest lines of the public land survey to or across 
the project area should be e~tended as if it were surveyed. The lines of 
any other recorded survey may be used for description of the project, 
provided, the relation thereto of the lines of the nearest adjacent public 
land survey is shown. 
675. Requirements for Power Purposes. If the application is for 
power purposes the location of the power house and, if the water is 
returned to the stream from the power house, the point of return shall 
be shown. In the case of applications involving an amount of water in 
excess of 3 cubic feet per second or 200 acre-feet per annum, a profile 
of the penstock must be submitted on which appears in figures, the 
elevation of the nozzle if an impulse wheel is to be used, or the elevation 
of the water surface at the draft tube if a reaction wheel is to be used, 
and the elevation of the first free water surface above the penstock. The 
difference between these two elevations must equal the total fall to be 
utilized. 
History: l. Amendment filed 3-3-78 a~ proce-dural and organizational; effective upon 
filing (Register 78, No 9) . 
680. Relative to Largt"r Projects. For projects involving the ap-
propriation of more than three cubic feet per second or construction of 
a dam which will be of suffic1ent ~ize or impound sufficient water to be 
under supervision of the Department of Water Resources for safety, as 
defined in Sections 6002 and 6003 of the Water Code, or which will 
create a reservoir with a surface ar€'a in excess of ten acres, or which 
seek to appropriate more than 1.000 acre-feet per annum by under-
ground storage, the following additional requirements shall be met: 
(a) Maps by a registered civil engineer or licensed land surveyor 
shall be submitted. 
(b) One of the two copies of each necessary map shall be a tracing 
neatly and accurately drawn with India ink to a suitable scale on linen, 
mylar or equivalent material; the other may be a print thereof. 
(c) Each sheet shall bear an appropriate titlt•, show the meridian and 
scale and bear the certificate and rl'•gistration number of the engineer 
or surveyor. The certificate of tlw t"n~ineer or surve~:or shall: state the 
name and address of the person making the certificate and whether the 
map was prepared by him or under his supervision; indicate the source 
of the information shO\vn thereon. including the dates of actual sun·<>rs 
if such were made; certify that it correctly represents the \'vOrks de-
scribed in the accompanying application, the location of str€'aul:. and 
ditches in the immediate vicinity, and the acreage to be irrigated; be 
concluded by the signature and certificatt> number of the engineer or 
surveyor. The following example is a typical certificate of the form 
required: 
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Certificate of Engineer (Surveyor I 
I, John Doe, of 100 Main StrE><'t. Sacraml•nto, ( :ahltmu.!, do lwn·h~ t't'rt ih· th.1t th1~ 111.1p 
was prepared by me from notl·~ takt·u dur in~ an actual sun o'\ 111.1tk· by nw (or unrll•r 
my immediatt' supt•rvision) on _ _ _ ___ , HI __ . (and/or from US Gt•olo~kal 
Survey 7.5-minul<' Lincoln and Rosenll<' Topogr.!ph~t• quatlr.!n,i!ll·-~ . ) and that it cor· 
rectly represents the works dcscribt•d in the accompan~· inlo( applit ·Jtion, thE> location 
of streams and ditches in the imm£'d1atE" vic1mty, and the acrcJ!(e to be irrigated. 
Is/ John Doe 
Engineer (Surveyor) Certificate :'l:o. _ __ _ 
(d) Contour maps of surface reservoirs shall be submitted with con-
tour intervals not greater than the following: 
Height of d.un ,\{aumum contour intrn-;~/ 
300 feet or over ......... .. .. .. .......... .... ........ ... ...... .. ........... ..... 40 feet 
100 feet or over, but less than 300 feet........ .. .......... .. 20 feet 
30 feet or over, but less than 100 feet...................... 10 feet 
Less than 30 feet ........ .. .......... .. ..... ... .. ...... .. .. .. .. ........ .. .. .. .. 5 feet 
For dams less than five feet high, the high water contour shall be 
shown and the elevation of the maximum and minimum water surfaces 
shall be stated. All contour maps shall show the high watf'r line and state 
the elevation thereof, and includP an area-capacity curve or table. 
History: 1. Renumbering of former Section 6/H and amendment fil£'d 12·1-55; effec-
tive thirtieth day thereaft<>r ( RPJ<i~tcr 55, No. 17). 
2. Amendment filed J-19-64 : effect1ve thartidh day thereafter (Register 64, 
No.6). 
3. Amendment filed 11-24-71; effective thirtieth day thert:after (Register 71, 
No. 48). 
STATE OF CALIFORNIA APPLICATION NO, ___ _ 
State Water Resources Control Board 
DIVISION OF WATER RIGHTS 
ENVIRONMENTAL INFORMATION 
The following information will aid in our environmental review of your application, as re-
quired by state environmental protection laws. Your assistance in providing this information 
will shorten the time required by us to act on your application, (If you need more space for 
your answers, please attach extra sheets,) 
I, PROJECT AND SITE CHARACTERISTICS 
1, Describe the current land use and vegetation types at the point of water diversion and 
place where the water is to be used, Attach photographs of these areas, Please date 
and label photos. 
2, In years of average rainfall, does the source of water dry-up during any part of the 
year? __ If so, during which months? ____________________ _ 
3, What changes in your property or your neighbor's property wi II occur during the con-
struction and operation of your project? (Include such things as tree or brush removal, 
trenching, grading, excavation, plowing, road, dam or building construction, etc, Consider 
all aspects of your operation, including diversion structure, pipelines or ditches, and 
changes at place where water is to be used,) __________________ _ 
4, Wi II the project generate any wastewater containing such things as sewage, industrial 
chemicals, metals, soil, etc,? If so, what method of treatment and disposal will be used? 
5, Do you know of any archeological or historical sites located within the general project 
area? If so, explain _______________________________________________ __ 
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APPLICATION NO. ___ _ 
II. GOVERNMENTAL REQUIREMENTS 
6. Please contact your county planning or public works department for the following 
information. Person contacted: Dept: Telephone: ( ) _____ _ 
Assessor's Parcel No. ounty zoning designation: ______ _ 
Will the county have to issue any of the following permits? 
(Check boxes that apply) D grading permit, D use permit, D watercourse obstruction 
permit, D change of zoning, D general plan change, 0 other (explain) _____ _ 
If a county permit is required, on what date did you, or will you, file the application? 
7. Are any additional state or federal permits required for your project? If so, explain: Agency Permittype ________________ __ 
Person contacted: Telephone ( 
8. Have any environmental reports been prepared for your project, or wi II any reports be 
required by any permitting agency? (explain) ____________________ _ 
Ill. FISH AND GAME CONCERNS 
Please contact your regional office of the State Department of Fish and Game (DFG) 
for the following information, (see attached sheet) Person contacted; _______ _ 
Telephone: ( ) 
9. According to the DFG representative, do any resident or migratory game fish species 
occur in the affected stream? f so, which species? _____________ _ 
10. Does the Department of Fish and Game representative expect that your project will 
have a significant effect on any fish, wildlife or endangered species in the area? If so, 
what measures have been proposed by DFG to protect the fish and wildlife or endangered 
species? (explain) ______________________________ _ 
Signature ____________ _ 
Date _______________ _ 
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